
8051 9 







ESSAYS UPON HEREDITY 

AND KINDRED 

JilOLOGICAL PROBLEMS 


HY 

JUi. AUtiUST WEISMANN 


PROFESSOR IN THE UxNIVERSITY OF FREIBURG IN BRElSGAU 


AUTIIOlil^ED TRANSLATION 


EDITED BV 

EDWARD R. rOlJLTON, M.A., E.L.S., E.O.S. 

TUTOU OF KKHLH COLl.K(!K, OXFORD 
J.Ki/TUUEK IN NATEHAL SCJENt’E, .JRSl’S COLI-KOK, OXFORD 


SELMAR S(JHONLANJ), Eii.D. 

M BCl'RA'IOR OF THE IIEI,I)IN«; HEKHVRIH.M IN’ Till; I'N'IXERsllA OI uM'dPO 
A Mi 

AJITIIIJJJ E. SHIPLEY, M.A, E.L.S. 

FELLOW AND LECTURER OF CHRImF’s COLI.EIiK, CAMBRIDGE 



AT THE CLAUENDOxN PRESS 


1889 




ATJTHOa’S PBBFACE. 


Tiif. essays which now appear for the first time in the form 
of a single volume were not written upon any prearranged plan, 
but have been published separately at various intervals during 
the course of the last seven years. Although when writing the 
earlier essays I was not aware that the others would follow, the 
whole series is, nevertheless, closely connected together. The 
questions which each essay seeks to explain have all arisen 
gradually out of the subjects treated in the first. Eeflecting upon 
the causes which regulate the duration of life in various forms, 

I was drawn on to the consideration of fresh questions which 
demanded furthci^research. T'hese considerations and the results 
of such research form the subject-matter of all the subsequent 
essays. 

I am here making use of the word ‘ research ’ in a sense 
somewhat different from that in which it is generally employed 
in natural science ; for it is commonly supposed to imply the 
making of new observations. Some of these essays, especially 
Nos. IV, y, and VI, essentially depend upon new discoveries.. 
But in most of the remaining essays the researches are of a 
mqro abstract nature, and consist in bringing forward new 
points of view, founded upon a variety of well-known facts. 

I believe, however, that the history of science proves that 
advance is not only due to the discovery of n,ew facts, but 
also to their correct interpretation : a true conception of natural 
processes can only be arrived at in this way. It is chiefly in 
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this sense that the contents of these essays are t<^ be looked 
upon as research. 

The fact that they contain the record of research made it 
impossible to introduce any essential alterations in the trans- 
lation, even in those points about which my opinion has since 
changed to some extent. I should to-day express some of the 
points in Essays I, IV, and V, somewhat differently ; but had 
I made such alterations, the relation between the essays as a 
whole would have been rendered less clear, for each of the 
earlier ones formed the foundation of that which succeeded it. 
Even certain errors of interpretation are on this account loft 
uncorrccted. Thus, for instance, in Essay IV it is assumed that 
the two polar bodies expelled by sexual eggs are identical ; 
for at that time there was no reason for doubting that they 
were physiologically equivalent. The discovery of the numerical 
law of the polar bodies described in Essay VI, led to what I 
believe to be a truer knowledge of them. In this way the 
causes of parthenogenesis, as developed in Essay V, received 
an important addition in the fact published in Essay VI, that 
only one polar body is expelled by parthenogenetic eggs. This 
fact alone explains why sexual eggs cannot as a rule dcvelope 
without fertilization. 

Hence the reader must not take the individual essays as the 
full and complete expression of ray present opinion ; but they 
must rather be looked upon as stages in research, as stepst 
towards a more perfect knowledge. 

I must therefore express the hope that the essays may be read 
in the same order as that in which they appeared, and in which 
•they are arranged in the present volume. The reader will then 
follow the same road which I traversed in the development of 
the views here set forth ; and even though he may be now 9jid 
then led away from the direct route, perhaps such deviations 
may not be without interest. 

I should wish to express my warm thanks to Mr. Poulton 
for the great trouble he has taken in editing the translation, 
which in many places presented exceptional difficulties. The 
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greater par| of the text I have looked through in proof, and I 
believe that it well expresses the sense of the original ; although 
naturally I cannot presume to judge concerning the niceties of 
the English language. I am especially grateful to the three 
gentlemen who have brought these essays before an English 
public, because I believe that many English naturalists, even when 
thoroughly conversant with the German tongue, might possibly 
misinterpret many points in the original; for the difficulty of 
the questions treated of greatly increases the difficulty of the 
language. 

r ^ 

If the readers of this book only feel half as much pleasure in 
its perusal as I experienced in writing it, I shall be more than 
satisfied. 


Freiburg t. Bueisgau, 
January f 18 ^ 9 . 


AUGUST WEISMANN. 




EDIT0E8’ PEEFACE. 


The attention of English biologists and men of science was 
first called to Professor Weismaiin s essays by an article entitled 
‘Death’ in ‘The Nineteenth Century’ for May, 1885, by Mr. 
A. E. Shipley. Since then the interest in the author’s argu- 
ments and conclusions has become very general ; having been 
especially increased by Professor Moseley’s two articles in 
‘Nature’ (Vol. XXXill, p. 154, and Vol. XXXIV, p. 629), and 
by the discussion upon ‘The Transmission of Ac(iuired Cha- 
racters,’ introduced by Professor Lankester at the meeting of 
the British Association at Manchester in 1887, — a discussion in 
which Professor Weismann himself took part. The deep interest 
which has everywhere been expressed in a subject which con- 
cerns the very foundations of evolution, has encouraged the 
Editors to hope* that a volume containing a collection of all 
Professor Weismann’s essays upon heredity and kindred problems 
would supply a real want. At the present time, when scientific 
* periodicals contain frequent references to these essays, and when 
the v;j.rious issues which have been raised by them are dis- 
cussed on every occasion at which biologists come together, it 
is above all things necessary to know exactly what the author 
himself has said. And there are many signs that discussion has* 
already suffered for want of this knowledge. 

• A translation of Essays I and II was commenced by Mr. A. E. 
Shipley during his residence at Freiburg in the winter of 1884. 
His work was greatly aided by the kind assistance of Dr. van 
Rees of Amsterdam, to whom we desire to express our most 
sine re thanks. The translation was laid aside until the 
summer of 1888, when Mr. Shipley was invited to co-operate 
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with the other editors in the preparation of the present volume ; 
the Clarendon Press having consented to publish the complete 
series of essays as one of their Foreign Biological Memoirs. 

We think it probable that this work may interest many who 
are not trained biologists, but who approach the subject from its 
philosophical or social aspects. Such readers would do well to 
first study Essays I, II, VII, and VIII, inasmuch as some pre- 
paration for the more teohnical treatment pursued in the other 
essays will thus be gained. 

The notes signed A. W. and dated, were added by the author 
during the progress of the translation. The notes included in 
s(|uare brackets were added by the Editors ; the authorship being 
indicated by initials in all cases. 

In conclusion, it is our pleasant duty to thank those who have 
kindly helped us by reading the proof-sheets and making valu- 
able suggestions. Our warmest thanks are due to Mrs. Arthur 
Lyttelton, Mr. W. Hatchett Jackson, Deputy Linacre Professor 
in the University of Oxford, Mr. J. S. Haldane, and Professor K. 
Meldola. Important suggestions were also made by Professor 
E. Ray Lanlcestcr, Mr. Francis Galton, and Dr. A. R. Wallace. 
Professor W. N. Parker also greatly helped us by looking over 
the proof-sheets with Professor Weismann. 


E. B. P. 
S. S. 

A. KS. 

Oxford, Fehrmiry, ISSH, * 
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THE DURATION OF LIFE. 


VKEFACK. 

The paper was read at the meeting* of the Association 

of (jcrrnan Naturalists at Salzburg*, on September 2ist, x8(Si ; 
and it is here printed in essentially the same form. A somewhat 
longer discussion of a few ])oints has been now intercalated ; these 
were necessarily omitted from the h'cture itself for the sake of 
brevity, and are, therelbi’e, not contained in the account printed in 
the Proceeding's of the iifty-fourtli meeting* of the Association. 

Further additions w^ould not have been admissible without an 
essential change of form, and therefore T have not put into the 
text a nol(i wdiich ouglii. otherwise to have been there, and which is 
now to be found in the A])pendix, as Note 8. It lllls up a gap 
wdiich w^as left in the text., for the above-mentioned reason, by 
attempting to give an explanation of the normal deat.h of cells of 
tissues — an explanation wdiieh is required if w^c are to maintain 
that unicellular organisms are so constituted as to be potentially 
immortal. 

’ The other parts of the A])j)endix contain, partly further expan- 
sions, p?ir^ly proofs of the views brought forw'ard in the text, and 
above all a compilation of all the observatioi\s which are knowm to 
me upon the duration of life in several groups of animals. I am 
indebted to several eminent specialists for the communication of • 
many data, which arc among the most exact that I have been able 
toT)btain. Thus Dr. Hagen of Cambridge (IJ.S.A.) was kind enough 
to send me an account of his obseiwations upon insects of different 
orders: Mi*. W. 11. Edwards of West Virginia, and Dr. Speyer of 
Ilhoden — their experience wdth butterflies. Dr. Adler of Schleswig 
sent me data upon the duration of life in Cj/uijjidae^ which have a 
s])ccial value, as they arc accomj)anicd by very exact observations 
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Upon tlic conditions of life in these animals; hence in this case we 
can direct ly examine the factors u})on which, as I believe, the dura- 
tion of life is cliicfly based. Sir John Lu])boclv in England, and 
Dr. Aiyi'iist Eorel of Zilricli, have had tlie kindness to send me 
an account of their observations upon ants, and S. Clessin of 
(3c}isenfurth his researches upon our native land and fresh-water 
Mollusea. 

In publisliiui^' these valualjle communications, together with all 
facts whicli 1 liave Ijcen able to collect from literature upon the 
subject of the duration of life, and the little Avliich 1 have myself 
observed upon this subject, 1 hop(‘ to jwovide a stimulus for 
further observation in tbis field, which has been hitherto much 
n(?g*l(‘eted. The views which 1 have brought forward in this paper 
are liased on a. com])arativTly small number of facts, at least as far 
as the duration of lib' in various species is concerned. The larg*er 
the numb(‘r of accurate data, which are supplied, and the more 
exactly t.lui duration of life and its conditions are ascertained, the 
more se(iurely will it bo possible to establish our views upon the 
causes which d(‘termine t]i(‘ duration of life. 


Naples, Ihc. 6, iSSi. 


A. W. 
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TIII^] DURATION OF LIFE. 

WiTi[ your porniission, I will brino* before you to-day some 
tbon^'lits u])on tlie subject of the duration of life. I can scarcely 
do better than l)ei»*in with the simple but sig*nificant words of 
Johannes Miiller : ‘ Org’anic bodies are perishal)le ; while life main- 
tains the ai)pearance of immortality in the constant succession of 
similar individuals, the individuals themselves pass away.’ 

Omittini^j for the time being*, any discussion as to the precise 
accuracy of this statement, it is at any rate obvious that the life of 
an individual has its natural limit, at least amoi\g those animals 
and plants which arc met with in every-day life. J 3 ut it is e(|ually 
obvious that the limits are very difiercntly placed in the various 
species of animals and plants. These differenees arc so manifest 
that they have g*i^»en rise to popular sayings. Thus Jacob Grimm 
mentions an old German saying, ‘A wren lives three years, a dog 
three times as long as a wren, a horse three times as long as a dog, 
and a man three times as long as a horse, that is eighty-one years. 
A donkey attains three times the age of a man, a wild goose three 
times that of a donkey, a crow three times that of a wild goose, a 
deer three times that of a crow, and an oak three times the age of 
a deer.’ 

If this be true a deer would live 6000 years, and an oak nearly , 
:jo,ooo years. The saying is certainly not founded upon exact obser- 
vation, but it becomes true if looked u])on as a general statement 
that the duration of life is very dillerent in different organisms. 

The question noAV arises as to the causes of f hese gTcat differ- 
ences. I low is it that individuals are endowed with the power 
of living long in such very various degrees ? 

One is at first Lmipted to seek the answer by an appeal to the 
differences in morphological and chemical structure which separate 
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speei(*s from one another. In facft all attein])ts to thr(f\v lii^lit upon 
the suhj(‘et which have been made iq) to the present time lie in 
this direction. 

All these explanations are nevertheless insufheiont. In a ceitain 
sense it is tnui that the causes of the duration of lile must be con- 
tained in tlu^ oro-anisin itself, and cannot be found in any of its 
external conditions or circumsianees. Ihit sliuclurc and chemical 
comj)OsitioTi — in short the physiolo<4*ical constitution of the body in 
the ordinary sense of the words — are not (he only factors which 
d(‘l ermine duration of life. This conclusion iorces itsell upon our 
attention as sof)n as ihe attempi. is made to explain ('xistiiii)* facts 
by these factors alone: tlnuo must be some other additional cause 
contained in fh(‘ oro*anism as an u?d<nown and invisible i)a.rt ol its 
const itut, ion, a. cause whuh d(‘lermines the duration ot lile. 

The size of the ori»*anism must in the tirst ])lac(^ be taken into 
consideration. 01* all or<;*anisms in the world, lar<>*(^ trees have the 
lon_i»*est liv('S. ^flu' Adansonias of the Cape Yvvd fslands arc said 
to live for 6000 years. 1110 lar^ost animals also attain fim j^u’eatest 
ai>‘e. I'hus tluuH^ is no doubt that whales live for some huudr(‘ds 
of y('ars. Ihej)hants liv(^ :iOO years, and it would not 1)0 diflicult 
to const ructi a des(*en(lin^* series of animals in which the duration 
of lile diminislu's in almost exa(d. ])roportion to the decrease in the 
size* of <,he body. ^flius a liorse lives forty ^years, a blackbird 
ein’liteen, a mouse six, and many insect.s only a few days or 
w(vks. 

If however the facts are examined a little more closely it will l)e 
obs(>rved that tlur ,<»*r(‘at a.i»-e (200 years) reached by an elejduint 
is also altained by many smaller animals, such as the* pike and 
carp. The horse lives forty yiau's, but so does a cat or a toad ; 
and a sea, anemone has been known to live for over lifty ycnirs. The 
» duration ol'liie in a ])ii;’ (aluait twenty years) is the same as that in 
a crayfish, althou»di the latter does not nearly attain the hun- 
dredth part of the wei,i»-ht of a pin*. ^ 

Jt is therefore evident that leno-lh of life cannot be determined 
by the size of the body alone. There is, however, some relation 
between these two attributes. A laro-e animal lives lonij;*er than a 
small one because it is laro-er ; it would not he able to become even 
comi)aratively large unless endowed with a comi^arativelv lon</* dm 1 
tion of life. * 
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Apart from all other reasons, no one could iniaf^fine that the 
^•igantic body of an elephant could be built up like that of a mouse 
in three weeks, or in a sing'le day like tluit of the larva of certain 
Hies. The ^^estatioii of an cle])hant lasts for nearly two years, and 
maturity is only reached after a lapse of about twenty-four years. 

furthermore, to ensure the lu’cservation of the species, a longer 
time is required by a large animal than by a small one, when both 
liave reached maturity. Thus Leuckart and later Herbert Spencer 
have pointed out that the absorbing surface of an animal only in- 
creases as the square of its length, while its size increases as the 
cube ; and it therefore follows that the larger an animal becomes, 
the greater will be the difficulty experienced in assimilating any 
nourishmt'nt over and above that which it re(piires for its own 
needs, and therefore ihc more slowly will it rc})roducc itself. 

]lut although it may be stated generally that the duration of 
the period of growth and length of life are longest in the largest 
animals, it is nevertheless impossible to maintain that there is any 
fixed relation between the two ; and fdourens was mistaken when 
he considered that the length of life was always ecpii valent to five 
times the duration of the period of growth. Such a conclusion 
might be accepted in the case of man if we set his period of growth 
at twenty years and his length of life at a hundred ; but it 
cannot be acce])tjd for the majority of other jMammalia. Thus 
the horse lives from forty to fifty years, and the latter age is at 
least as frequently reached among' horses as a hundred years among 
men ; but the horse becomes mature in four years, and the length 
*of its life is thus ten or tAvclvc times as long as its period of 
growth, * 

The second factor which influences the duration of life is purely 
physiological : it is the rate at which the animal lives, the rapidity 
with which assimilation and the other vital processes take place. 
TJpon this point Lotze remarks in his Microcosmus — ‘ Active and 
re^stless mobility destroys the organized body: the swift-footed animals 
hunted by man, as also dogs, and even apes, are inferior in length 
of life to man and the larger beasts of prey, which satisly their needs 
by a few vigorous ellbrts.’ ‘The inertness of the Amphibia is, on 
the other hand, accompanied by relatively great length of life.’ 

There is certainly some truth in these observations, and yet it 
would be a great mistake to assume that activity necessarily implies 
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a short life. I'hc most activ'c birds have very long* ilives, as will 
1)0 shown later on : they live as iono;* as and sometimes longer than 
the mu jority of Am})]ii])ia which roach the same si/c. The organism 
must not ])C looked upon as a heap of combustible material, which 
is (‘ompletely reduced to ashes in a certain time the length of which 
is determined by size, and by the rate at which it burns ; but it 
should be rather com])arcd to a fire, to which fresh fuel can be 
continually added, and which, whether it burns quickly or slowly, 
can be ke 2 )t burning as long' as necessity demands. 

The connection between activity and shortness of life cannot be 
ex[)lained by supposing that a more rapid consumption of the 
body (Ktcurs, but it is explicable because the increased rate at which 
the vii.al })rocesses take place permit the more rapid achievement 
of the aim and ])urj)oso of life, viz. the attainment ol maturity 
and ihe re[)roductJon of the species. 

When 1 speak of the aim and purpose of life, I am only using 
figures of speech, and 1 do not mean to imply that nature is in any 
way working consciously. 

When T was s])eaking of the relation between duration of life 
and the size of the body, 1 might have added another factor 
which also exerts some inlluenco, viz. the complexity of the struc- 
f.urc. ^fwo organisms of the same size, but belonging to different 
grades of organization, will reipiire diflerent periods of time for 
their dc'volopnnmt. Certain animals of a very lowly organization, 
such as the ltliizo])oda, may atlain a diameter of *5 mm. and may 
thus become larger than many insecds eggs. Vet under favoural)le 
eireumstanees. an Amoeba can divide into two animals in ten 
minutes, while no insc'ci.’s egg can develope into the youAg animal 
in a less p('riod than twenty-four hours. Time is required for the 
development of the immense number of cells which must in the 
latt(T ease arise from the single egg-cell. 

lienee we may say that the peculiar constitution of an animal 
does in part deU'rmine the length of time which must elapse before 
reproduction begins. The ])eriod before reproduction is however 
only [)art of the whole life of an animal, which of coiu-se extends 
over the t.otal period during which the animal exists. 

Hitherto it has always been assumed that the duration of this 
total i)eriod is solely determined by the constitution of the ani- 
mal’s body. Ibit. the assumption is erroneous. The strength of 



THE DUKATION OF LIFK. 


9 


the spring* ^>llich drives the wheel of life does not solely depend 
upon the size of the wheel itself or upon the materinl of which it 
is made ; and, leaving* the metaphor, duration of life is not ex- 
clusively determined l)y the size of the animal, the complexity 
of its structure, and the rate of its metabolism. The facts arc 
plainly and clearly opposed to such a supposition. 

How, for instance, can we explain from this point of view the 
fact that the ([uecn-ant and the Avorkers live for many years, while 
the males live for a few weeks at most ? The sexes arc not dis- 
tinguished by any great difference in size or complexity of body, 
or in the rate of metabolism. In all these three ])articiilars they 
must he looked upon as precisely the same, and yet there is this 
immense difference between the lengths of their lives. 

I shall return later on to this and other similar eases, and for 
the present I assume it to be proved that physiological con- 
siderations alone cannot determine the duration of life. It is not 
those which alone determine the st»rength of the spring which 
moves the machinery of life ; we knoAV that springs of different 
strengths may be fixed in machines of the same kind and fpiality. 
This metaphor is hoAvever imperfect, because we cannot imagine 
the existence of any special force in an orgjinism which deter- 
mines the duration of its life ; but it is nevertheless useful because 
it emphasises the* fact that the duration of life is forced upon 
the organism by causes outside itself, just as the spring is fixed in 
its place ])y forces outside the machine, and not only fixed in its 
j)lacc, ])ut chosen of a certain strength so that it will run down 
after a certain time. 

To put* it briefly, I consider that duration of life is really de- 
pendent upon adaptation to external conditions, that its length, 
whether longer or shorter, is governed by the needs of the specie's, 
and that it is determined by precisely the same mechanical lu’ocess • 
of regulation as that by which the structure and functions of an 
organism are adapted to its environment. 

Assuming for the moment that these conclusions arc valid, let 
us ask how the duration of life of any given species can have 
been determined by their means. In the first place, in regulating 
duration of life, the advantage to the species^ and not to the 
individual, is alone of any importance. This must be obvious 
to aiiy one who has once fhoroughly thought out the ))rocess ol‘ 
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natural solcM^ition. It is of no importance to the spfccies wlietliei 
the individual lives lon^*cr or shorter, hiit it is of importance 
that th(i individual should be enabled to do its work towards tlic 
maintenaiKJC of the species. This work is reproduction, or the 
formation of a siiilieient number of muv individuals to compensate 
the s[>ecies for those wliich die. As soon as the individual has 
porforuK'd its share in this work of com])cnsation, it ceases to be 
of any valium to the s])eei(‘s, it has fulfilled its duty and may die. 
Jbit the individual may be of advanta,<>’e to the species for a long*er 
period if it not only j)roduces otlsprini^, but tends them for a 
l(m<>‘er or shorter time, (itlier by ])rot(‘ctini>*, feeding’, or instructing* 
lliem. ^rhis last duty is not only undertaken by man, but also 
by animals, although to a smaller extent ; for instance, birds teach 
their young to lly, and so on. 

should therefore exp('et to find that, as a rule, life docs not 
gi’cat.ly outcast the ])eriod of reproduction exce])t in those species 
which tend their young ; and as a matter of I'act we find that this 
is the case. 

All mammals and birds outlive the period of reproduction, but 
this n(‘V(‘r occurs among insects except in those species which 
tend tlu'ir young. Furthermore, the life of all the lower animals 
c(‘ases also with the end of the re])rodiictive j)eriod, as far as we 
can judge. , 

Duration of lifc^ is not. however determined in this way, but 
only t.lu^ ])()int ‘.it whufh its termination occurs relatively^ to the 
cessaiinn of r(‘])roduction. 41io duration itself dc})ends first u])on 
the length of time which is recpiired for the animal to reach* 
maturity — tJiat. is, the duration ol its youth, and, secondty, u])on 
the length of the j)eriod of fertility — that is the time which is 
necessary for the individual to ])roduce a sufficient number of dc- 
• scendants to ensure the ])erpet nation of the species. It is precisely 
this latter point which is determined by external conditions. 

There is no sjieeies of animal which is not exposed to jlc- 
struction through various accidental agencies— by hunger or 
cold, by droiio-bt or Hood, by opidcniios, or by enemies, wdicthcr 
beasts or prey or j.arasites. Wc also know that these causes of 
death are only apparently accidental, or at least that they can 
only he called accidental as far as a sinjrlo individual is concerned. 
As a matter of fact a far j,water rniniber of individuals perish 



THE DUKATION OE LiEE. 


11 


through the •operation of these agencies than by natural death. 
There arc thousands of species of which the existence depends u])oii 
the destruction of other species ; as, for example, the various hinds 
of fish wliich feed on the countless minute Crustacea inhabiting 
our lakes. 

It is easy to see tliat an individual is, ceteris parlbvs, more ex- 
posed to accidental death when the natural term of its life ])ccomes 
longer ; and therefore tlie longer the time rctpiired by an in- 
dividual for the production of a sufficient number of descendants to 
ensure the existence of tlie species, the greater will be the number 
of individuals which perish accidentally before they have fulhlled 
this im])ortaiit duty. Hence it follows, first, that the number of 
descendants produced by any individual must be greater as the 
duration ol‘ its reproductive jicriod becomes longer ; and, secondly, 
the surjirising result that nature does not tend to secure the 
longest possible life to the adult individual, but, on the contrary, 
tends to shorten the jicriod of re})roductive activity as far as 
possible, and with this the duration of life ; but these conclusions 
only refer to the animal and not to i-he vegetalile world. 

All this sounds very paradoxical, Init the facts show that it is 
tru(x At lirst sight numerous instances of remarkably long life 
seem to refute the argument, but the contradictions are only 
apparent and disa.^pear on closer investigation. 

Ib’rds as a ruh* live to a surprisingly great age. Even tlie 
smallest of our native singing* birds lives for ten years, while the 
nightingale and blackbird live Ifom twelve to eighteen years. 
A pair of eider ducks were observed to make their nest in the 
same [)liiice for twenty years, and it is believed that these birds 
sometimes reach the age of nearly one hundred years. A cuckoo, 
which was recognised by a peculiar note in its call, was heard in 
the same forest for i.hirty-two consecutive years. Birds of prey, • 
and birds which live in marshy districts, become much older, for 
th^y outlive more than one generation of men. 

Schinz mentions a bearded vulture which was seen sitting* on 
a rock upon a glacier near Grindelwald, and the oldest men in 
Grindelwald had, when boys, seen the same l)ird sitting on the 
same rock. A white-headed vulture in the ISchdnbrunn Zoo- 
logical (hirdens had been in captivity for ii8 years, and many 
examples are known of eagles and falcons reaching an age 
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of over TOO years. Finally, we itiiist not fori^et ^"Tliimboldt s ^ 
Atur parrot from the Orinoco, concerning' which the Indians said 
that it could not he understood because it spoke the lan^uag'e of 
an extinct tribe. 

It is therefore necessary to ask how far we can show that such 
lon£>‘ lives are rc.ally the shortest which are possible under the 
circumstances. 

l\vo factors must here be taken into consideration ; first, that 
the youn^* of birds are i^reatly exposed to destructive a«*encics ; 
and, s(‘condly, that the structure of a bird is adapted for tliqlit Jind 
tlicr(‘fore excludes the ])ossibility of any g'reat do^’ree of fertility. 

Many birds, like the stormy ])etrel, the diver, guillemot, and 
other sea-birds, lay only a sinij;-le e<»'i>', and breed (as is usually the 
ease with birds) only once a. year. Others, such as birds of prey, 
])il4'Cf)US, aTid hummino'-hirds, lay two ('g'g*s, and it is only tligsc 
which fly badly, such as jun,<»*le fow'ls and ])hoasanf.s, which produce 
a number of' ego-s (about tw^enty), and the youryi^ of these very 
species are especially exposed to those dan^’ers wdiich more or less 
afU'ct the oflsjuino* of all birds. Kven the e<>\i»s of our most 
powerful native bird of prey, the ^-olden eai^'le, whu^h all animals 
fear, and of Avhieli the eyrie, perched on a rocky hoii>'ht, is beyond 
the D'ach of any enemies, arc very frefiiiently destroyed by late 
frosts or snow in sprino», and, at the end of‘ thcryear in winter, the 
youn<>* birds encount.(T the fiercest of foes, vi/. hunoTr. In the 
majority of birds, the eo-iP, as soon as it is laid, becomes exposed to 
the atit-udvs of eneiiiies ; martens and w'eascls, cats and owds, buzzards 
and crows are all on the look out for it. At a latter j)eriod the 
sameenemi(‘s destroy numbers of the helpless youno*, and in winter 
many succumb in the struo-gle a«’ainst cold and hun<rer, or to the 
numerous dan^-ers which attend mi<>ration over land and sea, 
» dan<4*ers which dc'cimatc the young- birds. 

It is iiiijiossible directly to ascertain the exact number which 
are thus destroyed ; but w e can arrive at an estimate by .an 
indirect metiiod. If w^e agree wuth Darwdn and Wallace in 
believing that in most species a certain degree of constancy 
is maintained in the nund)er of individuals of successive gene- 
rations, and that therefore the number of individuals within 
the same area remains tolerably uniform for a certain period of 

‘ Humboldt’s ‘Aiisichten der Natur.’ 
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time ; it follows that, if we know the fertility and the average 
duration of life of a species, we can calculal e the number of those 
which porisli before reaching* maturity. IJnfortunaiely the avorag*e 
leni^th of life is hardly known with certainty in the case of any 
species of bird. Let us however assume, for the sake of ar<^umont, 
that tlie individuals of a certain species live for ten years, and that 
they lay twenty e<>\iL»\s in each year ; then of the i^oo c.ii^-s which 
arc laid durins^ the tem years, which constitute the lifetime of an 
individual^ I9(S must be destroyed, and only two will reach maturity, 
if the number of individuals in the species is to remain constant. 
Or to take a concrete example ; lei us fix the duration of life in 
the g^olden cao-lc at 6o years, and its period of immaturity (of which 
the len<>'th is not exactly known) at ten years, and let us assume 
that it lays twx) e<»“^*s a year; — then a pair will produce lOO e^'i^'s 
in. 50 years, and of these only two Avill dcvelopc into adult birds ; 
and thus on an averai»’e a pair of eagles will only succeed in bring- 
ing a pair of young to maturity once in fifty years. And so far 
from being an exaggeration, this calculation rather under-esli mates 
the pro])oition of mortality among the young ; it is sullicient how- 
ever to (‘iiforce the ftict that the nuihbor of young destroyed must 
reach in birds a very higli figure as compared wdth the number of 
those which survive b 

If this argument holds, and at the same time the fertility from 
physical and other gi'ounds cannot be increased, it follows that 
a relatively long life is the only means by which the maintenance 
of the species of liirds can lie secured, lienee a great length 
of life is proved to bo an absolute necessity for birds. 

I ha\T already mentioned that these animals demonstrate most 
clearly that physiological considerations do not by any means suffice 
to explain the duration of life. Although all vital ])rocessos take 
place with greater raindity and the temperature of the lilood is • 
higher in birds than in mammals, yet the former greatly surjiass 
thg latter in length of life. Only in the largest ]\lammalia, — the 
wdiales and the elephants — is the duration of life eipial to or 
perhaps greater than that of the longest lived birds. If wo com- 
pare the relative weights of these animals, fhe Mammalia are 
everywhere at a disadvantage. Even such large animals as the horse 
and bear only attain an age of fifty years at the outside ; the lion 

' See Appendix, iu»to i, j). 36. 
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lives about thirty-five years, the wild boar twenty-fiv^e, the sheep 
fifteeu, the fox I’ourteen, the hare ten, the s([uirrel and the mouse six 
years but the golden ea^lc, though it docs not weigh more 
than from 9-1 2 j)Ounds, and is thus intermediate as regards weight 
between the hare and the fox, attains nevertheless an age which is 
ten times as long. The explanation of this difierenee is to be found 
first in the much greater fertility of the smaller Mammalia, such 
as the rabbit or mouse, and secondly in the much lower mortality 
among the young of the larger INTammalia. The minimum duration 
of life necessary for the maintenance of the sja^cies is therefore 
much lower than it is among birds. Even here, however, wo arc 
not yet in possession of exact statistics indicating the number of 
young destroyed ; but it is obvious that Mammalia ])0ssess over 
birds a great advantage in tlieir intra-uterine devedopment. In 
Mammalia the destruction of young* only begins after birth, while 
in birds it begins during* the d(^vx‘lo])ment of the emlnyo. This 
distinct.ion is in fa(*t carried even further, for many mammals 
protect their young against enemies for a long time after birth. 

Tt is unn(‘eessary to go further into the d(‘tails of these cases, or 
to consider whether and to what extent every class of the animal 
kingdom conforms to these principles. Thus to eojisidor all or 
even most of the classc's of tlie animal kingdom would be quite 
impossible at tlie present time, because our Jsnowledgc of the 
duration of life among animals is very incomjdetc. lliologieal 
problems have for a longtime excited less interest than morpho- 
logical ones. There is nothings or almost nothing to be found in 
existing zoological text books upon the duration of life in animals ; 
and even monographs upon single classes, such as the Amphibia, 
re])tiles, or even birds, contain very little on this subject. When 
we come to the lower aninuils, knowledge on this point is almost 
entirely wanting. I have not been able to find a single reference 
to the age in Echinodermata, and very little about that of worms, 
Crustacea, and Coclcnterata-. The length of life in many mpl- 
luscan species is very well known, because the age can be deter- 
mined by markings on the shell But even in this group, any 
exact knowledge, such as would be available for our ])ur])ose, is still 

' See Appendix, note 2, p. 38. 

' See Appendix, note 4, p. 54. 

" See Appendix, note 5, p. 55. 
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wanting concirning such necessary points as the degree of fertility, 
the relation to other animals, and many other factors. 

Data the most exact; in all respects arc found among the insects^, 
and to this class T will for a short time direct your special atten- 
tion. We will first consider the duration of larval life. This 
varies very greatly, and chielly depends upon the nature of the 
food, and the case or difficulty with which it can he procured. The 
larvae of bees reach the pupal stage in five to six days ; hut it is 
well known that they are fed with sulistanccs of high nutritive 
value (honey and jiollen), and that they retpiire no great effort to 
obtain the food, which lies heaped up around them. The larval 
life in many Jolniennionidao is hut little longer, being passed in 
a parasitic condition within other insects ; abundance of accessible 
food is thus supplied by the tissues and juices of the host. Again, 
the larvae of the blow-fly become pupae in eight to ten days, 
although they move actively in boring' their way under the skin 
and into the tissues of tlie dead animals upon which they live. 
The life of the leaf-eating caterpillars of butterflies and moths lasts 
for six weeks or longer, (corresponding to the lower nutritive value 
of their food and the greater expenditure of muscular energy in 
obtaining it. Those caterpillars which live upon wood, such as 
Cimus Ihjniperda^ have a larval life of two to three j^ears, and the 
same is true of hypienopterous insects with similar habits, such as 
Sirex, 

Furthermore, predaceous larvae require a long period for attaining 
their full size, for they can only obtain their prey at rare intervals 
and by the expenditure of considerable energy. Thus among the 
dragon-fU()s larval life lasts for a year, and among many may-flies 
even two or three years. 

All these results can be easily understood from well-known ])hysio- 
logical principles, and they indicate that the length of larval life is • 
very elastic, and can be extended as circumstances demand ; for 
otly3rwise carnivorous and wood-eating larvae could not have sur- 
vived in the phylctic development of insects. Now it would 1)e 
a great mistake to suppose that there is any reciprocal relation 
between duration of life in the larva and in the mature insect, 
or imago ; or, to put it dilfercntly, to suppose that the total 
duration of life is the same in insects of the same size and activity, 

^ See Ap])oTulix, note 3, p. 3S. 
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SO that tlio time which is spent in the larval state is, as it were, 
declncied from tlic life of the imago, and vice vena. That this 
cannot he the case is shown by the fact already alluded to, that 
among bees and ants larval life is of the same length in males and 
females, while there is a difference of some years between the lengths 
of their lives as imagos. 

The life of the imago is generally very short, and not only ends 
with the close of the })criod of reproduction, as was mentioned 
above, but this latter period is also itself extremely short h 

The larva of the co(dvchafer devours the roots of plants for a 
period of four years, but the mature insect with its more complex 
structure endures for a com2)arativoly short time ; for the beetle itself 
(lies in about a month after completing its nudamorphosis. And 
this is by no means an extreme ease. IMost butterflies have an 
even shorter life, and among the moths there are many sj^ecies (as 
in IJie pHyeJuilae) which only live for a few days, while others 
again, whmh n'produee by iho ])arthenogcnctic method, only live for 
twenty-four hours. The shortest life is found in the imagos of 
certain may-fli(‘S, which only live four to live hours. They emerge 
from the ])U2)a-(‘ase towards the evening, and as soon as their 
wings ha\T hardened, they begin to fly, and pair with one another, 
^rium they hover over t,he water ; their eggs are extruded all at 
once, and death follows almost immediately. 

ddio short, life of the imago in insects is easily explained by the 
principles set forth above. Insects belong to the number of those 
animals which, even in their mature state, are very liable to be 
destroyed by others which are dependent ui)on them for food ; but 
they are at the same time among the most fertile of animals, and 
often produce an astonishing number of eggs in a very short time. 
And no better arrangement for the maint(mancc of the species 
under such circumstances can be imagined than that su 2 ) 2 )lied by 
diminishing the duration of life, and simultaneously increasing the 
rapidity of re2)roducti()n. 

This general tendency is develo2)ed to very different degrees 
according to conditions peculiar to each si)ecics. The shorten- 
ing of the period of re])roduction, and the duration of life to the 
greatest extent which is possible, depends upon a number of co- 
operating circumstances, which it is impossible to enumerate 
^ See Appendix, note 3, p. 3S. 
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completely, i^ven the maimer in which the are laid may 

have an important effect. Tf tlie larva of the may-fly lived upon 
some rave and widely distrihiited food-plant instead of at the 
hottom of streams, the images would he compelled to live longer, 
for they would he obliged — like many moths and hut.terflies — to 
lay their eggs singly or in small clusters, over a large area. This 
would recpiire both time and strength, and they could not retain 
the rudimentary mouth which they now possess, for they would 
have to feed in order to accpiirc sufficient strength for long flights ; 
and — whether they were carnivorous like dragon-flies, or honey- 
eating like butterflies — their feeding' would itsidf cause a further 
expenditure of both time and strength, which would necessitate a 
still further increase in the duration of life. And as a matter of 
fact we find that dragon-flies and swift-flying hawk-moths often 
live for six or eight weeks and sometimes longer. 

We must also rememlier that in many species the eggs arc not 
mature immediately after the close of the pupal stage, but that 
they only gradually ripen during the life of the imago, and 
frccpiently, as in many beetles and butterilies, do not ripen simul- 
taneously, but only a certain number at a time. This depends, 
first, upon the amount of reserve nutriment accumulated in the body 
of the insect during larval life ; secondly, upon various but entirely 
different circumstances, such as the power of flight. Insects which 
fly swiftly and are continually on tho wing, like hawk-moths and 
dragon-flies, cannot be burdened with a very large nuinhcr of ripe 
eggs. In these cases the g'radiial ripening of the eggs becomes 
necessary, and involves an increase in the duration of life. In 
Lepidoptcra, we sec how the power of flight diminishes step by 
step as soon as other circumstances permit, and simultaneously how 
the eggs ripen more and more rapidly, while the length of life 
becomes shorter, until a minimum is reached. Only two stages 
in the process of transformation can be mentioned here. 

The strongest flyers — the hawk-moths and butterflies — must be 
looked upon as the most specialised and highest types among the 
Lepidoptera. Not only do they possess organs for flight in their 
most perfect form, but also organs for feeding — the cliaractcristic 
spiral ])roboscis or ‘ tongue.’ 

There arc certain moths (among the Homhyees) of ^vhieh tho 
males fly as well as the hawk-moths, while the females arc unable 
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to use tlieir large wings for flight, because tlie ])odyis too heavily 
weighted by a mass of eg*gs, all of which reach maturity at the same 
time. Such species, as for instance Afjlia laii^ are unable to dis- 
tribute their eggs ovti* a wide area, but are oblig^ed to lay them all 
in a single s})ot. They can however do this without harm to the 
species, because theii* caterpillars live upon lorest trees, which pro- 
vide abundant food for a larger number ol larvae than can be ])ro- 
duced by the eggs of a single female. The (‘ggs of AfjUa tan are 
deposited directly after pairing, and shortly afterwards the insect 
dies at the foot of the tree among the moss-covered roots of which 
it has passed tin' winter in the jnipal state. Tlic female moth seldom 
lives for more than three or four days ; but the males which fly 
swiftly in the forests, seekir.g for the less abundant females, live 
for a miicli long(‘r period, certainly from eight to fourteen days h 

fl'he females ol* the IKv/rfAidae also dc])osit all their eggs in one 
place. The grasses and lichens upon which their caterpillars live 
grow close at hand u})on the surface of the earth and stones, and 
hence the female moth does not leave the ground, and generally 
does not even (piit the pu])a-case, within which it lays its eggs ; 
as soon as this duty is finished, it dies. In relation to these habits 
the wings and mouth of the female are rudimentary, while the 
male ])ossess(‘s ])erfectly developed wings. 

The causes which have regulated the length pf life in these cases 
arc obvious enough, yet still more striking illustrations arc to be 
found among insects which live in colonies. 

The duration of life varies with the sex in bees, wnsps, ants, and 
Termites: the females have a long life, the males a short one ; and 
there can be no doubt that the explanation of this fact is to, be found 
in ada])tation to external conditions of life. 

The ([ueen-bee — tbe only perfect female in the hive — lives two 
to three years, and often as long as live years, while the male bees 
or drones only live four to five months. Sir John Lubbock has 
succeeded in k(‘e[)ing female and working ants alive for seven 
years — a great age for insects — while the males only lived a few 
W'ceks, 

Tliis csliiiiate is derived from observation of tlio time during wliicli these insects 
are to be seen upon the wing. Direct observations upon the duration of life in this 
species are unknown to me. 

[ bir John Lubbock has now kept a queen ant alive for nearly 15 years. See note 
2 on p. 51.— E. B. P.] 



THE DURATION OF LIFE. 


19 


These last dtamples become readily intellii^i])le when we remember 
that the males neitlier colleet food nor help in l)uil(ling‘ the hive. 
Their value to the colony ceases with the nuptial flight, and from 
the point of view of utility it is easy to understand why their lives 
should be so short But the case is very dillerent with the female. 
The longest period of reproduction possible, when accompanied by 
very great fertility, is, as a rule, advantageous for the mainten- 
ance of the species. It cannot however be attained in most 
insects, for the capability of living long would be injurious if all 
individuals fell a prey to their enemies before they had coni])leted 
the full period of life. Here it is otherwise : when the tpieen-bee 
returns from her nu2)tial flight, she remains within the hive until 
her death, and never leaves it. There she is almost completely 
secure from enemies and from dangers of all kinds ; thousands of 
workers armed with stings protect, feed, and warm her ; and in 
short there is every chance of her living through the full period of 
a life of normal length. And the case is entirely similar with the 
female ant. In neither of these insects is there any reason why 
the advantages which follow from a lengthened period of repro- 
ductive activity should be abandoned 

That an increase in the length of life has actually taken place in 
such cases seems to be indicated by the fact that both sexes of the 
saw-flics — the probttble ancestors of bees and ants — have but a 
short life. On the other hand, the may-flics afford an undoubted 
instance of the shortening of life. Only in certain species is life as 
short as I have indicated above ; in the majority it lasts for one or 
more days. The extreme cases, with a life of only a few hom*s, 
form the end of a line of develojmient tending in the direction of a 
shortened life. This is made clear by the fact that one of these 
may-flies (VaUngeiiia) docs not even leave its pupa-skin, but repro- 
duces in the so-called sul)-imag*o stage. 

It is therefore obvious that the duration of life is extremely 
variable, and not only depends upon physiological considerations, 
but also upon the external conditions of life. With e\'ery change 
in the structure of a species, and with the ac([uisition of new 
habits, the length of its life may, and in most cases must, bo 
altered. 

* See Appendix, notes 7 and 9, pp. 59 and 63. 

^ See Appendix, note 6, p. 58. 
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In answering* ilie question as to the moans by wliicli^blic Icng-tlien- 
ing or shortening of life is brought about, our first appeal must 
be to tlie j)roeoss of natural selection. Duration of life, like every 
other characterisiic of an organism, is subjc'ct to individual fluc- 
tuations. From our exjx'riencte wii-h the human species we know 
that long life is hereditary. As soon as the long-lived individuals 
in a species obtain some advantage in the struggle for existence, 
they will gradually Ix^come dominant, and those with the shortest 
lives will be exlerminated. 

So far everything is (piite simj)le ; but hitherto wo have only 
considered tlie external mechanism, and we must now further in- 
({uire as to the concomitant internal means by which such processes 
are nmdered possible. 

^riiis brings us lace to face Avith one of the most difUeult problems 
in the whole range of physiology, — the question of the origin of 
death. As soon as we thoroughly understand the circumstances 
upon whi(*h normal death depends in general, we shall bo able to 
make a lurtlun* impiiry as to tlie circumstan(*es which influence its 
earli(‘r or later a])pearance, as W(‘II as to any functional changes in 
the organism which may produce such a result. 

Idle change's in the organism which result in normal death, — 
senility so-ealled, -have lieeii most accurately studied among men. 
We know that wit.li advancing ago eerfaiii alio rations take place 
in the tissues, hy wliieli t.heir funetional nidivity is diminished; that 
these changes gradually increase, and finally either lead to direct or 
so-called normal tleath, or produce indirect death by roudering* the 
oiganism ineapahlo ol resisting* injuries due to exfornal intluences. 
These senile clianges iiave been so' wtdl descrihed from the time of 
Biudaeh and ilichat to that ol Iviissmaul, and are so well known, 
that 1 need not enter into further details here. 

In answer to an iiupiiry as 1o the causes which induce these 
changes in the tissues, I can only suggest that the colls which 
form the vital constituents of tissues are worn out hy prolonged 
use and activity. It is eonccivahlo that the cells might be thus 
worn out in two ways ; either the cells of a tissue remain the 
same throughout life, or else they arc being continually replaced 

by younger generations of cells, which are themselves cast olfin 
their turn. 

In the present stutc of our knowledge the former alternative can 
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hardly be ma4ntaincd. Millions of Idood eorpusoles are continually 
dyin^ and bcinq- replaced by new ones. On bolh the internal and 
external surfaces of the body couni.less e])itlielial colls are beini^ 
incessantly removed, Avhilc new ones arise in tbeir [)lacc ; the activity 
of many and probably of all ^-laiids is accompanied by a chanf >’0 in 
their cells, for their secretions consist partly of del ached and partly 
of dissolved cells ; it is stated that even the cells of bone, connective 
tissue, and muscle undcro-o the same chano-es, and nervous tissue 
alone remains, in which it is doubtful whether such a renewal of 
cells takes place. And yet as rei^ards even this tissue, certain facts 
arc known which indicate a normal, thou<>‘h probably a slow renewal 
of the histoloi>a(‘al elements. 1 l)elieve that one mi^ht reasonably 
defend the statement, — in fact, it has alrc'ady found advocates, — 
that the vital processes of the higher (i. e. mullicellular) animals 
are accompanied by a renewal of the morphological elements in 
most tissues. 

This statement leads us to seek the origin of death, not in the 
waste of single cells, but in the limitation of their ])owers of repro- 
duction. Death takes place because a worn-out tissue cannot for 
ever renew itself, and because a ca])acit.y for increase by means of 
cell-division is not everlasting, but Unite This docs not however 
imply that the immediate cause ol‘ d(‘ath lies in the imperfect re- 
newal of cells, for death would in all cases occur long before the 
reproductive power of the cells had been completely exhausted, 
functional disturbances will api)ear as soon as t-he rate at which the 
worn-out cells are renewed becomes slow and insuilicieiit). 

But it must not be forg*otteu that death is not always preceded 
by senility, or a period of old age. for instance, in many ot 
the lower animals death imnu'diately follows the most important 
deed of the organism, viz. reproduction. JMany Lepidoptera, all 
rnay-tlies, and many other insects die of exhaustion immediately 
after depositing* their eggs. JVfen Iiave been known to die from 
the, shock of a strong passion. Sulla is said to liavc died as 
the result of rage, whilst Leo X succumbed to an excess of joy. 
Here the psjmiiical shock caused too intense an exciticmicnt of the 
nervous system. In the same manner tiie exc'reise of intense effort 
may also ])roduce a simihwly fatal excitement in the above- 
mentioned insects. At any rate it is certain that when, for some 

’ !Soc Appendix, note 8 , p. 59. 
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rcjiJron, this eflbrt is not miide, tlic insect lives fo#* a somewhat 
Ioniser period. 

Tt is clear that in sin^li animals ns insects wo can only speak 
figuratively of normal death, if wc mean hy this an end which is 
not due to accident. In these animals an accidental end is the rule, 
and is therefore, st rictly speaking, normal \ 

Assuming tiic truth of the ahove-mention(*d hypothesis as to the 
causes of normal death, it follows that the number of cell-gcmera- 
tions which can ])roceed from the egg-cell is fixed for every 
species, at least within certain limits; and this numher of cell- 
gemu'ations, if attaint'd, coiTes])onds to the maximum duration of 
life in the individuals of the species concerned. Shortening of life 
in any s])eei('S must, de[)end u])on a decrease in the number of 
successive cell-generations, while convcrst'ly, the lengthening of 
life depends upon an increase in tlie numher of cell-generations over 
those which wtu’c prt'viously [)ossiblc. 

ISuch changes actually take place in ])lants. When an annual 
])lant, ht't'omos perennial, the change — one in every way ])ossible 
— can only happen by the production of new shoots, i. o. by an 
inert'ase in the number of cell -gen orations. The process is not so 
obvious in animals, because in them the formation of young cells 
does not lead to the production of new and visible parts, Ibr the 
new material is merely d(‘posit,ed in the place otthat which is worn 
out and disaj)i)ears. Among plants, on the other hand, the old 
inat('rial persists, its cells become lignified, and it is built over by 
new c(‘lls which assume the functions of life. 

It is c ertainly true that the question as to the necessity of death 
in general does not seem much ch'arer from this point, of view than 
irom the i)ur(*ly physiological one. Tiiis is because we do not know 
why a cell must divide lo.ooo or 100,000 times and then suddenly 
sto]). It must be admitted that we can see no reason why the 
])Ower ot C(‘l 1 -multiplication should not be unlimited, and why the 
organism rdmuld not therefore be endowed with everlasting Jife. 
In the same manner, from a physiological point of view, we might 
admit that w^e can sec no reason why the functions of the organism 
should ever cease. 

It is only from tlic point of view of utilit,y that wc can undcr- 


^ Sec Appendix, note 9, p. G3. 
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stand the necessity of death. The same arguments which were 
employed to explain the necessity for as sliort a life as possible, will 
with but sliglit modilication seiwe to explain the common necessil.y 
of death b 

Let us imagine that one of the higher animals became immortal; 
it then becomes perfectly obvious that it would cease to be of 
value to the species to whi(;h it belonged. Suppose that such an 
immortal individual could escape all fatal accidents, through infinite 

After reading these proofs Dr. A. H. AVallacc kindly sent me an unpublished 
note upon the production of death by means of natural selection, written by him 
some tiiJie between 1S65 .‘ind i(S7o. Tlie note contains some ideas on the subject, 
which were jotted down for further elaboration, and were tlien forgotten until 
recalled by the argument of this Essay. ^J'hc note is of great interest in relation to 
Dr. Weismann’s suggestions, and witli Dr. Wallace’s permission I ju-int it in full 
below. 

‘The Actjo2^ of Kati’kal Selection in PnonuciNa Old Age, 

Decay, and Death. 

* Supposing organisms ever existed that had not the i)()wer of natural reproduc- 
tion, then since the absorptive surface would only increase as the square of the 
cliniensioiis wdiile the bulk to be nourished and renewed would increase as the cube, 
there must so<m arrive a limit of growth. Now if sueli an orgaAiisiu did not [U’odnce 
its like, acciderilal destruction would pmt an tuid to the species. Any organism 
therefore that, by accidental or sponianeons fission, could become two organisms, 
and thus multijdy itsedf indefinitely witliout increasing in size beyond the limits 
most favouralde for nourislinieiit and evisteiiee, could not be thus exterminated: 
si neo tlie individual onlji could be acci<lt n tally de^'Hoyed, — tlie race would survive. 
But if individuals did not die they would soon mnltiply inordinately and would inter- 
fere witli ea(;h other’s liealthy existence. Food would become scarce, and hence the 
larger individuals would jirobahly decoiiqiose or diminish in size. The deficiency of 
nourishment would lead to parts of tlie organism not being renewed; they would 
become fixed, and liable to more or h'ss slow decomposition as dead jiarts within a 
living body. Tlie smaller organisms wtuihl liave a better chance of finding food, the 
larger ones less chance, ^fiiat one which gave olf several small portions to form 
each a new organism would have a better chance of leaving descendants like 
itself than one whicli divided equally or gave oif a largo part of itself. Hence it 
would happen that those which gave oif very small jiortions would probably soon 
after cease to maintain their own existence while they would leave a numerous 
offspring. This state of things would be in any case for tlie advantage of the race, 
anc^ wonld tlierefore, by natural selection, soon become established as the regular 
course of tilings, and thus we have the origin of old aye, decai/y and d<alh ; for it is 
evident that when one or more individuals have provided a sufficient number of 
successors they themselves, as consumers of nourishment in a constantly increasing 
degree, are an injury to those successors. Natural selection therefore weeds tliem 
out, and in many eases favours such races as die almost immediately after they have 
left successors. Many motlis and other insects are in this condition, living only to 
propagate tlicir kind and then immediately dying, some not even taking any food 
in the perfect and reproductive state,’ — E. Jk 1 \] 



24 


THE DUllATION OF LIFE. 


time, — a fc;iip])()sitioii Avhich is of course hardly coiicfivable. The 
individual would nevertheless be unaljle to avoid, from time to 
time, slii»ht injuries to one or another ])art of its body. The 
injured parts could not reg-ain their former iiitejL^aity, and thus the 
lono'cr the individual lived, the more defective and crippled it 
would become, and the l(?ss ])erfectly would it fuliil the purpose of 
its species. Individuals arc injured by the operation of external 
forces, and for this reason alone it is necessary tliat new and perfect 
individuals should continually arise and take their place, and this 
necessity w^ould remain even if the individuals possessed the power 
of living* eternally. 

From this follows, on the om; hand, tlie necessity of reproduction, 
and, on the other, the utility of death. AVorn-out individuals arc 
not only valueless to the species, but they are even harmful, for 
they take the place of those Avhich are sound. ITence by the 
oi)eration of natural s(‘lcciion, the life of our hypothetically im- 
niorlal individual would be shortened by ihc amount which was 
useless to t.lui species. li. would be reduced lo a lenL>*tli which 
would afford the most favourable conditions for the existence of as 
lari»‘e a number as possible of vig-orous individuals, at the same 
time. 

If by these considerations death is shown to be a beneficial 
occurrence, it by no means follows that it is to he solely accounted 
for on gTounds of utility. Death might also depend uj)on causes 
w'hieh lie in the nature of life itself The lloating* of ice upon 
waiter seems lo us to be a useiiil arrangement, although the fact 
that it does float depends uj)on its molecular structure and not 
upon the fact that its doing so is of any advantage to us. In like 
manner the necessity of death has been hitherto explained as due to 
causes wdiich are inherent- in organic nature, and not to the fact 
« that it may be advantageous. 

I do not however believe in the validity of this explanation ; 
I consider that death is not a primary necessity, but that it Jias 
been secondarily acipiired as an adaptation. I believe that life is 
endowed ^vith a fixed duration, not because it is contrary to ii-s 
nature to be unlimited, but because the unlimited existence of 
individuals would be a luxuiy wdlhout any corres])onding advantage. 
The above-mentioned hypothesis upon the origin and necessity of 
death kads iue to believe that the organism did not finally cease 
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to renew tlic ^vorn-oiit cell material because tl\e nature of tlie cells 
did not permit them to multiply indefinitely, but bi'causc the power 
of multi])lyino‘ indelinitely was lost when it censed to be of use. 

I consider that this view, if not exactly provxd, can at any rate 
be rendered extremely probable. 

It is useless to object that man (or any of the hij^her animals) 
dies from the physical necessity of his nature, just as the specific 
oTavity of ice results frorti its ph^^sical nataire. 1 am quite ready to 
admit that this is the case. John Hunter, su])ported by his ex- 
periments on anafjimis^ hoped to prolong- the life of man indefinitely 
by alternate freezing* and thawing'; and the Veronese Colonel 
Aless. (jluag*uino made his contemporaries believe that a race 
of men existed in llussia, of which the individuals died regularly 
every year on the 27th of November, and returned to life on 
the 24tb of the following* April. There cannot however be the 
least doubt, that ihe lug*h(*r organisms, as they arc now con- 
structed, contain within themselves the germs of death. The 
cjuestion however arises as to liow this has come to ])ass ; and 
1 reply that death is to be looked upon as an occniTcnce which 
is advantageous to the S2)ecies as a concession to the outer con- 
ditions of life, and not as an absolute necessity, essentially inherent 
in life itself. 

Death, that is ihe end of life, is by no means, as is usually 
assumed, an attribute of all organisms. An immense number of 
low organisms do not die, althougli they are easily destroyed, being 
Ijilled by heat, poisons, &c. As long, however, as those conditions 
Avhich are necessary for their life are fulfilled, they continue to live, 
and they thus carry the potentiality of unending life in tliern- 
selves. I am speaking not only of the Amoebae and the low 
unicellular Algae, but also of far more highly organized unicellular 
aniiuals, such as the Infusoria. 

The process of fission in the Amoeba has been recently much 
discussed, and I am well aware that the life of the individual is 
generally believed to come to an end with the division which gives 
rise to two new individuals, as if death and re[)roducfion w^ere the 
same thing. But this process cannot be truly called death. Where 
is the dead body? what is it that dies? Nothing* dies; the body 
of the animal only divides into two similar parts, possessing the 
same constitution. Each of these parts is exactly like its parent. 
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lives in the same manner, and finally also divides intt) two halves. 
As far as those or«*anisms arc concerned, death can only be spoken 
of in the most fii»*nrative sense. 

There arc no grounds for the assiim])tion that the two halves of 
an Amoeba are dilfbrently conslituted internally, so that after a 
time one of them will die while the other continues to live. Such 
an idea is disproved by a recently discovered lact. Tt has been 
noticed in Kvijlypha (one of the Foraminifera) and in other low 
animals of the same g'roup, that when division is almost complete, 
and the two halves are only connected by a short strand, the proto- 
j)lasm of both parts be^’ins to circulate, and for some time ])asses 
l)aekwards and forwards between tlu' two halves. A complete 
min^-liu”- of the Avholo substance of the animal and a resultin<»’ 
i(l(‘.nt,ity in the constitution of each half is thus broui^ht about 
laToro the final separation h 

Hie objection mi.<>'ht perhaps be raised that, if the parent animal 
does noti exaidly die, it nevertheless disappears as an individual. 1 
cannot however let this pass unless it is also maintained that the 
man of t.o-day is no longer the same individual as the boy of twenty 
years ago. In the growth of man, neitluT structure nor the com- 
ponents of stru(dure remain precisely the same ; the material is 
continually changing. If we can imagine an Amoeba endowed 
with sell-consciousness, it might think before dividing ‘ T will give 
birth to a daughter,’ and I have no doubt that each half would 
regard the other as the daughter, and w ould consider itself to be 
the original parent. We cannot however a })])eal to this criterion qf 
personality in the Amoeba, lint there is nevertheless a critcu’ion 
which seems to me to decide the matter : I refer to the continuity 
of life in the same form. 

Now^ if numerous orga.nisms, endowed with the potentiality of 
never-ending life, have real existence, the question arises as to 
wdiethcr the fact can be understood from the point of view of 
utility. If death has been shown to be a necessary adaptation** for 
the higher organisms, wdiy should it not be so for the lower also ? 
Arc they not decimated by enemies ? arc they not often imperfect ? 
are they not worn out by contact with the external w^orld? 
Although they are certainly destroyed by other animals, there is 


^ See AjjjieiKHx, note lo, p. 64. 
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nothing- com jiarablc to that deterioration of the body .which takes 
place in the higher organisms. Unicelluhir animals are too simply 
constructed for this to be possible. If an infusorian is injured by 
the loss of some part of its body, it may often recover its former 
integrity, but if the injury is too great it dies. The alternative is 
always perfect integrity or complete destruction. 

We may now leave this part of the subj’ect, for it is obvious that 
normal death, that is to say, death which arises from internal 
causes, is an impossibility among these lower organisms. In those 
species at any rate in which fission is accompanied by a circulation 
of the ynotoplasm of the parent, the two halves must possess the 
same qualities. Since one of them is endowed with a potentiality 
for unending life, and must be so endowed if the sy^ccies is to persist, 
it is clear that the other exactly similar half must be endowed 
with eqmil ])otentiality. 

Let us now consider how it hay)y:)cned that the multicellular 
animals and plants, which arose from unicellular forms of life, came 
to lose this ])ower of living for ever. 

The answer to this question is closely bound up with the principle 
of division of labour which ay)y)eared among multicellular organisms 
ati a v^ery early stage, a nd which has gradually led to the y^roduction 
of greater and gi'oatcr complexity in their stj’ucturc. 

''riie first multicellular organism was y)robably a cluster of similar 
cells, but these units soon lost their original homogeneity. As the 
result of mere relative ]>osition, some of the cells were es})ceially 
fitted to provide for the nutrition of the colony, while others 
undertook the work of rcyiroduction. Hence the single group 
would come to be divided into two grouyis of cells, which may 
be called somatic and reyiroductive — the cells of the body as oyi- 
posed to those which arc concerned wdth reproduction. Idiis 
dilfercntiation was not at first absolute, and indeed it is not always 
so to-day. Among the low'cr Metazoa, such as the polypes, the 
cayj^icity for reproduction still exists to such a degree in the somatic 
cells, that a small number of them arc able to give rise to a new 
organism, — in fact new individuals are normally produced by means 
of so-called buds. Furthermore, it is well known that many of the 
higher animals have retained considerable y^ovvers of regeneration ; 
the salamander can replace its lost tail or foot, and the snail can 
reproduce its horns, eyes, etc. 
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As the eoTn])lexity of the Metazoan body increased, the two 
j>[rou])s of cells became more sharply separated from each other. 
Very soon the somatic cells surpassed the rej)roductivc in number, 
and during this increase they became more and more broken uj) 
by the principle of the division of labour into sharply separated 
systems of tissues. As these chauj^-es took ])lace, the power of 
reproducing large parts of the organism was lost, while the joower 
of i'e])roducing the whole individual became concentrated in the 
re])roductive cells alone. 

Ibit it does not therefore follow that the somatic cells were 
com])elled to lose the ])Ower of unlimited ccll-produciron, although 
in accordance with the daw of heredity, they could only give 
rise to cells which resembled themselves, and belonged to the same 
dinerentialed hislological system. Ihit as the fact of normal 
d(^ath seems to t('ach us that they have lost even this power, the 
causes of the loss must be sought outside the organism, that is 
to say, in the extca’ual conditions of life ; and we have already 
seen that death can be very well explained as a secondarily ac- 
<[uired adaptation. 'Jdie reproductive cells cannot lose the ca])aeity 
for unlirnit.ed rej)roduction, or the species to which they belong 
would sutler extinction. Eut the somatic cells have lost this 
l)Ower to a gradually increasing extent, so that at length they 
became restricted to a fixed, though ])erhaps vvay large numlicr of 
cell-generations. This restriction, which implies the continual influx 
of new individuals, has been explained above as a result of the 
impossibility ot entirely protecting’ the individual from accidents, 
and from the deterioration which follows them. Normal deatfe 
could not take place among’ unicellular organisms, because the indi- 
vidual and the reproductive cell are one and the same: on the 
other hand, normal death is possible, and as we see, has made its 
a])])earance, among multicellular organisms in which the somatic 
and reproductive cells are distinct. 

1 have endeavoured to explain death as the result of restriction 
in the powers of reiu’oduetion ])ossessed by the somatic cells, and I 
have sugg’ested that such restriction may conceivably follow from a 
hmiiation in the number of cell -generations possible for the cells 
ol each organ and tissue. T am unable to indicate the molecular 
and chemical properties of the cell upon which the duration of 
its jKAver of reproduction depends : to ask this is to demand an 
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explanation itf the nature of heredity — a prol)lcm tlie solution of 
which may still occupy many generations of scientists. At present 
we can hardly venture to propose any explanation of the real nature 
of heredity. 

But the question must be answered as to whether the kind and 
decree of reproductive power resides in the nature of the cell itself, 
or in any way depends upon the quality of its nutriment. 

Virchow, in his ‘ Cellular Pathology,’ lias remarked that the cells 
j,rc not only nourished, but that they actively sup])ly themselves 
with food. If therefore the internal condition of the cell decides 
whether it shall accept or reject the nutriment which is odered, it 
becomes conceivable that all celjs may possess the power of refusing* 
to absorb nutriment, and therefore of ceasing to undcro^o further 
division. 

Modern cmbryolo<»'y affords us many proofs, in the se.i,»‘ mentation 
of the ovum, and in the subsecpient dev^elopmental clian^’es, that 
the causi's of the difleront forms of reproductive activity witnessed 
in cells lie in the essential nature of the c(dls themselves. Why 
does the se.£>‘mcntation of one half of certain proceed twice as 
rapidly as that of the other half? why do the cells of the ectoderm 
divide so much more quickly than those of the endoderm ? Why 
does not only the rate, but also the number of cells produced (so 
far as we can follo^v them) always remain the same ? Why does 
the multiplication of cells in every part of the blastoderm take 
place with the exact amount of cner<>y and rapidity necessary to 
produce the various elevations, folds, inva<^*i nations, etc., in which 
the ditlerent org-ans and tissues have tlieir orii^in, and from wliich 
finally the organism itself arises ? There can be no doubt that 
the causes of all these phenomena lie within tlie cells them- 
selves; that in the ovum and the cells which are immediately 
derived from it, there exists a tendency towards a certain determined 
(1 mi^ht almost say specific) mode and encri2fy of ci'll-mulli])lica- 
tion. And why should we regard this inherited tendency as con- 
fined to the building* up of the embryo ? why sliould it not ak^o 
exist in the young*, and later in the mature animal ? The pheno- 
mena of heredity which make their appearance even in old age 
afford us proofs that a tendency towards a certain mode of eell- 
multiplication continues to regulate the growth of the organism 
during the whole of its life. 
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The above-mentioned considerations show us tha4 the degree 
of reproductive activity present in the tissues is regulated by 
interna] causes while the natural death of an organism is the 
termination — the hereditary limitation — of the })rocess ol cell- 
division, which began in the segmentation of the ovum. 

Allow me to suggest a further consideration which may be com- 
pared with the former. The organism is not only limited in time, 
but also in space: it not only lives for a limited period, but it can 
only attain a limited size. Many animals grow to their full size 
long before their natural end : and although to any fishes, reptiles, and 
lower animals arc said to grow during the whole of their life, w^e do 
not mean by this that they ])ossess^he pow(U* of unlimited growth 
any more than that of unlimited life. There is everywhere a 
maximum size, which, us far as our experiem^e goes, is never sur- 
passed. IHie mosquito never reaches the size of an eleidiant, nor 
the elephant that of a wlialc. ^ ^ b 

Upon what does this dcqicnd? Is there any external obstacle 
to growth? Or is the limitation entirely imposed from wit^hin? 

rerha})S you may answer, that there is an established relation 
between the increase of surface and mass, and it cannot be denied 
that th(‘se relations do largely determine the size of the body. 
A beetle could never r(‘ach the size of an ele])hant, because, con- 
stituted as it is, it would be incapable of exiskmccj if it attained 
such dimensions. Hut nevertheless t.he relations between surface 
and mass do not form the only reason why any given individual 
does not exc(‘ed the average size of its s])ecies. J^lach individual 
docs not strive to grow to the largest j)Ossiblc size, until the 
absor])tion from its digestive area becomes insiiflicient for its mass ; 
but it ceases to grow because its cells cannot be sufficiently nourished 
in consecpiencc of its increased size, ^flie giants which occasionally 
apj)i‘ar in the human species ju-ovc that the ])lan u])on which man 
is constructed can also Ijc carried out on a senate which is hir larger 
than the normal one. If tlie size of the body chiefly depends upon 
amount of nutriment, it would be possible to make giants and 
dwarfs at will. But we know, on the contrary, that the size of 
the body is hereditary in fiimilies to a very marked extent ; in fact 
so much so that the size of an individual depends chiefly uj)on 
heredity, and not upon amount of food. 

These observations point to the conclusion that the size of the 
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individual is ,iin reality pre-dctermined, and tliat it is potentially 
contained in the egg* from which the individual developes. 

We know further that the growth of the iiulividual depends 
chicdly upon the multiplication of cells and only to a slight extent 
upon the growth of single cells. It is therefore clear that a 
limit of growth is imposed by a limitation in the processes by 
which cells arc increased, both as regards the number of cells 
produced and the rate at which, they are formed. Jlow could we 
otherwise explain the fact that an animal ceases to grow long 
before it has reached the physiologically attainable maximum of its 
species, without at the same time sulfering any loss of vital 
energy ? 

In many cases at least, the most important duty of an organism, 
viz. reproduction, follows upon the attainment of full size — a fact 
which induced Johannes Miiller to reject the prevailing liypothcsis 
which explained the death of animals as due to ‘the influences 
of the inorganic environment, which gradually wear away the life 
of the individual.’ lie argued that, if this were the cas(i, ‘ the 
organic energy of an individual would steadily decrease from the 
beginning,’ while the facts indicate tliat this is not so\ 

If it is furtlier asked why the egg sliould give rise to a fixed 
nuniber of cel 1-generaf ions, although perhaps a number which 
varies widely withi4 certain limits, we may now refer to the opera- 
tion of natural selection upon the relation of surface to mass, and 
upon other physiological necessities which are peculiar to the species. 
13ecause a certain size is the most favourable for a certain plan 
of organization, the process of natural selection deteiauiiiod that 
such a size should be within certain variable limits, characteristic 
of each species. This size is then transmitted from generation to 
generation, for wlien once established as normal for the speci(?s, the 
most favourable size is potentially present in the reproductive cell 
from which each individual is developed. 

If this conclusion holds, and I believe that no essential objection 
can be raised against it, then we have in the limitation in space 
a process which is exactly analogous to the limitation in time, 
which we have already considered. The latter limitation — the 
duration of life — also depends upon the multiplication of cells, the 


Johannes Muller, ^ Physiologie,’ Bd. T. p. 31, Berlin, 1S40. 
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rapid increase of which first g*ave rise to the characteristic form of 
the mature body, and then continued at a slower rate. In the 
mature animal, cell -reproduci ion still ^ocs on, but it no Ioni>’er 
exceeds the waste ; for some time it just compensates for loss, and 
then beg-ins to decline. The waste is not compensated for, the 
tissues perform their functions incom])let(ny, and thus the way for 
death is prepared, until its final appearance by one of the three 
great Alim mortis, 

I admit that facts are still wanting upon which to base this 
hypothesis. It is a ])ui:e supj)Osition that senile changes are due to 
a deficient rejiroduction of cells : at the same time this supjiosition 
gains in jirobability when we are enabled to reduce the limitations 
of the organism in both time and space to one and* the same 
ju’inciple. It cannot however be asserted under any circumstances 
that it is a ])urc supposition that the ovum possesses a capacity 
for ccll-niiiltiplication which is limited both as to numbers produced 
and rate of jirodiudion. The fact that each species maintains an 
average size is a sufficient proof of the truth of this conclusion. 

Hitherto I have only spoken of animals and have hardly men- 
tioned })lants. T should not have bi'en able io consider them at 
all, had it not hajipened that a work of 1 likh'braiufs ^ lias recently 
appeared, which lias, for the first time, provided us with exact 
observafions on the duration of plant-life. • 

The chief results obtained by this author agree very well with 
the view which I have brought liefore you to-day. ITildcbrand 
shows that i.lie duration of life in plants also is by no means 
completely fixed, and that it may be very considerably altered 
through the agency of the external conditions of life, lie shows 
thaf., in course of time, and under changed conditions of life, an 
annual plant may become perennial, or vice versa, dlie external 
factors which iniluence the duration of life are hero however essen- 
tially different, as indeed we expect them to be, when we remember 
the very different conditions under wuich the animal and vegetijblo 
kingdoms exist. During the life of animals the destruction of 
mature individuals jdays a most important part, but the existence 
of the mature jilant is fairly well secured ; their chief period of 
destruction is during youth, and this fact has a direct iniluence 
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upon tlie degt’ee of fertility, but not upon tlie duration of life. 
Climatic considerations, especially the periodical changes of summer 
and winter, or wet and dry seasons, are here of greater importance. 

It must then be admitted that the dependence of tlie duration of 
life upon the external conditions of existence is alike common to 
j)lants and animals. In both kingdoms the high multicellular 
forms with well-differentiated organs contain the germs of death, 
while the low unicellular organisms are potentially immortal. 
Furthermore, an undying succession of reproductive colls is possessed 
by all the higher forms, although this may l)e but poor consolation to 
the conscious individual which perishes. Johannes Miiller is there- 
fore right, when in the sentence quoted at the beginning of my 
lecture, he speaks of an ‘ appearance of immortality ’ which passes 
from each individual into that wdiich succeeds it. That which 
remains over, that wdiieh persists, is not the individual itself, — 
not the complex aggregate of cells which is conscious of itself, — 
but an individuality wdiich is outside its consciousness, and of a low 
order, — an individuality which is made up of a single cell, which 
arises from the conscious individual. I might here conclude, but 
1 wish first, in a few words, to protect myself against a possible 
misunderstanding. 

I have repeatedly spoken of immortality, first of the unicellular 
organism, and seoo^idly of the reproductive coll. ]ly this word 
I have merely intended to imply a duration of time which appears 
to be endless to our human faculties. I have no wish to enter into 
the question of the cosmic or telluric origin of life on flic earth. 
An answer to this question wdll at once decide whether the power 
of reproduction jiosscsscd by these cells is in reality eternal or only 
immensely prolonged, for that which is without beginning is, 
and must be, without end. 

The supposition of a cosmic origin of life can only assist us 
if by its means we can altogether dispense with any theory of 
spon,tancous generation. The mere shifting of the origin of life 
to some other far-off wDrld cannot in any way help us. A truly 
cosmic origin in its widest significance will rigidly limit us to 
the statement — ovme vivnm e vivo — to the idea that life can only 
arise from life, and has always so arisen, — to the conclusion that 
organic beings arc eternal like matter itself. 

Experience cannot help us to decide this question ; wt do not 



34 


THE DURATION OF LIFE. 


know whether spontaneous generation was tlie conftnencement of 
life on the eartli, nor have wc any direct evidence for the idea 
tliat tlie process of development of the living world carries the 
end within itself, or for the converse idea that the end can only 
he brought about by means of some external force. 

I admit that spontaneous generation, in S 2 )ite of .all vain efforts 
to demonstrate it, remains for me a logical necessity. We cannot 
regard organic and inorganic matter as independent of each other 
and both ctfu-nal, lor organic matter is continually passing, without 
residuum, into the inorganic. If the eternal and indestriiciible arc 
alone wilbout beginning, then ihe nori-ctcrnal and destructible must 
have had a beginning. ]3ut the organic world is certainly not 
eternal iuid indest.riKitiblc in that al^solute sense in which we 
ap})ly these tonus to mal ter itself. We can, indeed, kill all organic 
beings and thus render them inorganic at will. Hut these changes 
are not the same as tlmse which we induce in a piece of chalk 
by pouring sulphuric acid upon it; in this case wc only change 
the form, and the inorganic matter remains. Ihit when we x^our 
sul])huric acid upon a worm, or when we burn an oak tree, these 
organisms are not (‘hanged into some other animal and tree, but 
they disappear entirely as organized beings and are resolved into .. 
inorganic elements. But tha,t whicli can be completely resolved 
into inorganic iuatt(U' must have also arisen* from it, and must 
owe its ultimate foundation to it. The organic might be con- 
sidered eternal if we could only destroy its form, but not its nature. 

It therefore follows that the organic world must once have arist^ti, 
and further that it will at some time come to an end. Hence we 
must s])eak of the eternal duration of unicellular organisms and 
of rex>roductivo ccdls in the IMotazoa and Mctaxdiyta in that x>*ir- 
ticular sense which signifies, when measured l)y our standards, an 
immensely long time. 

Yet who can maintain that he has discovered the riglit answer to 
this important (|ucsiion? And even though the discovery ivVere 
made, can any one believe that by its means the problem of life 
would be solved ? If it were established that sx)ontaneous genera- 
tion did actually occur, a new (xuestion at once arises as to the 
conditions under which the occurrence became possible. IIow can 
we conceive that dead inorganic matter could have come together 
in such a manner as to form living protoplasm, that wonderful 



THE DURATION OF LIFE. 


35 


and complex Substance which absorbs foreign material and changes 
it into its own substance, in other words grows and multiplies? 

And so, in discussing this question of life and death, we come at 
last — as in all provinces of human research — upon problems which 
appear to us to be, at least for the present, insoluble. In fact it 
is the quest after perfected tnith, not its possession, that falls to 
our lot, that gladdens us, fills up the measure of our life, nay! 
hallows it. 
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Note I. The Duration of Life among Birds. 

There is less exact knowledii^e upon this subject than we might 
expect, considering the existing number of ornithologists and 
ornithological societies with their numerous publications. It has 
neitln^r been ])ossiblc nor necessary for my purpose to look up all 
the widely-scattered references which are to be found upon the 
subject. Many of these are doubtless unknown to me ; for we are 
still in want of a corn^nlation of accurately determined observations 
in this departinent of zoology. I print the few facts which I have 
been able to collect, as a slight contribution towards such a com- 
pilation. 

Small singing birds live from eight to eighteen years : the 
nightingale, in captivity, eight years, but longer according to 
some writers : the blackbird, in captivity, twelve years, but both 
these birds live longer in the natural state. half-bred nightin- 
gale built its nest for nine consecutive years in the same garden ’ 
(Naumann, ‘ Vog-el Deutschlands/ 

Canary birds in captivity attain an age of twelve to fifteen 
years (1. c., p. 76). 

Itavens have lived for almost a hundred years in captivity 
(I.C., Ed. I. p. J2,5). 

Magpies in captivity live twenty years, and, ‘ without doubt,’ 
much longer in the natural state (1. c., p. 346). 

Parrots ‘ in captivity have reached upwards of a hundred years * 
(I.C., p. 12,5). 

A single instance of the cuckoo (alluded to in the text) is men- 
tioned by Naumann as reaching the age of thirty-two years (l.c., 
p. 76). 

Fowls live ten to twenty years, the golden pheasant fifteen years, 
the turkey sixteen years, and the pigeon ten years (Oken, ‘ Natur- 
geschichte, VdgoV p. 3^7). 
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A golden e%le which ‘ died at Vienna in tlic year 1719, had boon 
captured 104 years previously* (Brehm, ‘ Lehen dor Vogel/ P- 7^)* 

A falcon (species not mentioned) is said to have attained an age 
of 162 years (Knaucr, ^Der Naturhistoriker,’ Vienna, 1880). 

A white-headed vulture which was taken in 1706 died in the 
Zoological Gardens at Vienna (Schonhrunn) in 1824, living 
1 1 8 years in captivity (1. c.). 

The example of the bearded vulture^ mentioned in the text, is 
quoted from Scliinz*s ‘Vogel der Schweiz,’ p. 196. 

The wild goose must live for tipwards of 100 years, according to 
Naumann ( 1 . c.^ p. 1*27). The proof of this is not, however, forth- 
coming. A wild goose which had been wounded reached its 
eighteenth year in captivity. 

Swans are said to have lived 300 years (?), (Naumann, l.c., p.127). 

It is evident that observations upon the duration of life in wild 
birds can only rarely be made, and that they are usually the result 
of chance and cannot be verified. It is on this account all the 
more to be desired that every ascertained fact should be collected. 

If the long life of birds has been correctly interpreted as com- 
pensation for their feeble fertiliipy and for the groat mortality of 
their young, it will be possible to estimate the length of life in a 
species, without direct observation, if we only know its fertility and 
the percentage of iddividuals destroyed, dhis j)crcentago can, how- 
ever, at best, be known only as an average. Ti‘ w^e consider, for 
example, the enormous number of sea birds which Inccd in summer 
on the rocks and clitls of t he northern seas, and if we remember that 
the majority of these birds lay but one, or at most two eggs yearly, 
and that their young are exposed to very many destructive agencies, 
we are forced to the conclusion that they must possess a very long 
life, so that the breeding period may bo many times repeated. 
Their number does not diminish. Year after year countless num- 
bers of these birds cover the rocks, from summit to sea line ; 
millions of them rest there, and rise in the air like a thick cloud 
whenever they are disturbed. Even in tlioso localities which are 
every year visited by man in order to effect tludr capture, the 
number does not appear to decrease, unless the birds are disturbed 
and are therefore prompted to seek other breeding-places. From 
the small island of St. Kilda, off Scotland, 20,000 young gannets 
{Sula) and an immense number of eggs are annually collected ; 
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and although this bird only lays a single egg yearly and takes 
four years to attain maturity, the numbers do not diminish h 
30,000 sea-gulls* eggs and 20,000 terns* eggs arc yearly exported 
from the breeding-places on the island of Sylt, but in this case 
it appears that a systematic disturbance of the birds is avoided 
by the collectors, and no decrease in their numbers has yet taken 
place The destruction of northern birds is not only caused by 
man, but also by various predaceous mammals and birds. Indeed 
the dense mass of birds which throng the cliffs is a cause of 
destruction to many of tlie young and to the eggs, Avhich are 
pushed over the edge of the rocks. According to llrehm the foot 
of these clills is ‘ always covered with blood and the dead bodies of 
fledglings.’ 

Such birds must attain a great age or they would have been 
exterminated long ago ; the minimum duration of life necessary for 
the maintenance of the si)ecics must in their case be a very 
higli one. 

Note 2. Tiiii Dukatfon of Life among Mammals. 

The statements ui)on this subject in the text arc taken from 
many sources ; from Giebers ‘ Saugethicre,’ from Oken’s ‘ Natur- 
geschichte,* from Brc'hm’s ‘ Illustrirtem Thierlcben,’ and from an 
essay of Knauer in the ‘ Naturhistoriker,* Vienna, 1880. 

Note 3. The Duration of Life among Mature Insects. 

A short statement of the best established facts which I have been 
able to find is given below. I have omitted the lengthening of 
imaginal life which is due to hybernation in certain species. In 
almost all orders of insects there are certain species which emerge 
from the pupa in the autumn, but which first reproduce in the 
following spring. The time spent in the torjiid condition during 
winter cannot of course be reckoned with the active life of ^ the 
species, for its vital activity is cither entirely suspended for a time by 
freezing [Anabiosis : Preyer ^), or it is at any rate never more than 
a rifa minima^ with a reduction of assimilation to its lowest point. 

‘ Oken, ‘ Natiirgesohichte,’ Stuttgart, 1837, IV. Abth. i. 

^ Brehm, * Leben cler Vogel,’ p. 278. 

3 ‘ Naturwisseuschaftb'che Thatsachen imd Probleme,’ Popiiliire Vortriige, Berlin, 
18S0; Appendix. 
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The followifig- account does not mate any claim to contain all el- 
even most of the tacts scattered througli the enormous mass of 
entomological literature, and much loss all that is privately known 
by individual entomologists. It must therefore Ijo looked upon as 
merely a first attempt, a nucleus, around wliich the })rinoipal facts 
can be gradually collected. It is unnecessary to give any special 
information as to the duration of larval life, for numerous and exact 
observations upon this part of the subject are contained in all ento- 
molog-ical works. 


I. Optuopteka. 

GrjjUotalpa, The eg*,gs arc laid in June or July, and the young- 
are hatched in from two to three weeks ; they live through the 
winter, and become sexually mature in the following- May or June. 
‘ When tlie female has de])Osited her eggs, her body collapses, and 
afterwards slic does not survive much longer than a month.’ 
‘According as the females arc younger or older, they live a long-er 
or shorter life, and hence some females are even found in the 
autumn’ (lldsel, ‘ Iiisektcnbclustigungen,’ Jkl. JI. p. 92). Ib’Isel 
believes that the female watches the eggs until they are hai-ched, 
and this explains the fact that she outlives the process of ovi- 
position by about a month. It is not stated whether the males die 
at an earlier i)criod.» 

Gt'f/lhis cawpedm becomes sexually mature in IVIay, and sings from 
June till October, ‘when they all die’ (Oken, ‘ Naturgcschichte,’ 
Ed. II. Abth. iii. p. 1527). It is hardly ])robable that any single 
individual lives for the whole summer ; ])ro1)ably, as in the case of 
Grylloialpa^ the end of the life of those indi\dduals which first 
become mature, overlaps the beginning of the life of others which 
reach maturity at a later date. 

JjOciiHa riruVmhna and L. vcrmcivora arc mature at the end of 
August ; they lay their eggs in the earth during the first half 
of September and tlien die. It is probable that the females do 
not live for more than four weeks in the mature state. It is not 
known whether the males of this or other species of locusts live for 
a shorter period. 

I have found Loevsfa cantans in plenty, from the beginning of 
September to the end of the month. In cajdivity they die after 
depositing their eggs : the males are probably more short-lived, for 
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towards the middle and* end of September they jft’e much less 
plentiful than the females. 

Acr'idinm wi(jratorii(m ‘dies after the eggs are laid’ (Oken, 
‘ Naturgesehichte ’). 

I’he male Tmnea probably live for a short time only, although 
exact observations upon the point are wanting. The females ‘ seem 
sometimes to live four or live years,’ as I gather from a letter from 
Dr. Hagen, of Cambridge, Mass., U.S.A. 

Kphemeridae. Kiisel, speaking of Ephemera vulgata (‘ Insckten- 
belustigungen,’ Bd. II. dcr Wasserinsekten, Klassc, p. 6o et seq.), 
says: — ‘Their flight commences at sunset, and comes to an end before 
midnight, when the dew begins to fall.’ ‘The pairing generally 
takes place at night and lasts but a short time. As soon as the in- 
sects have shed their last skin, in the afternoon or evening, they fly 
about in thousands, and jiair almost immediately ; but by the next 
day they arc all dead. They continue to emerge for many days, so 
that when yesterday’s swarm is dead, to-day a new swarm is seen 
emerging from the water towards the evening.’ ‘ They not only drop 
their eggs in the water, but wherever they may happen to bo, — on 
trees, bushes, or the earth. Birds, trout and other fish lie in wait 
for them.’ 

Dr. Hagen writes to me — ‘It is only in certain species that 
life is so short. The fciiialc Pal'iugeula does iicFt live long enough 
to complete the last moult of the sub-imago. I believe that a 
female imago has never been seen. The male imago, often half in its 
sub-imago skin, fertilizes the female sub-imago and immediately 
the contents of both ovaries are extruded, and the insect dies. It 
is quite possible iiliat the eggs pass out by rupturing the abdominal 
segments.’ 

lAMlula, All dragon-flies live in the imago condition for some 
weeks ; at first they are not capable of reproduction, but after a few 
days they pair. 

Lepima mceharwa. An individual lived for two years in a pill- 
box, without any food except perhaps a little Lycopodium dust^. 

TI. NKniOPTKKA. 

Phrygauids ‘live in the imago stage for at least a week and prob- 
ably longer, apparently without taking food’ (letter from Dr. Hagen). 

^ ‘ Entomolo^. Mag.,’ vol. i. p. 527, 1833. 
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According te» the latest researches Vlmjganea granilu ^ never con- 
tains food in its alimentary canal, but only air, althouc^h it contains 
the latter in such quantities that the anterior end of the chylific 
ventricle is dilated by it. 

III. STREl’SirTEPA. 

The larva requires for its development a rather shorter time than 
that which is necessary for the ^rub of the bee into the body of which 
it has bored. The ])upa sta^e lasts eight to ten days. The male, 
which flies about in a most impetuous manner, lives only two to 
three hours, while the female lives for some days. Possibly the 
pairing does not take place until the female is two to throe days old. 
The viviparous female seems to produce young only once in a life- 
time, and then dies : it is at present uncertain whether she also pro- 
duces young partlicnogenetically (cf. Siebold, ‘ Ueber Paedogenesis 
dcr Strepsipteren,’ Zeitschr. f. Wissensch. Zool., Band. XX, 1870). 

IV. IlEMIPTErvA. 

Aphis, Bonnet (‘ Observations sur les Puccrons,’ Paris, 1745) had 
a parthenogcnetic female of Aphis eiionymi in his possession for 
thirty-one days, from its birth, during which time it brought forth 
ninety-five larvae. » Oleicheii kept a parthenogcnetic female of 
Aphis mad fifteen to twenty-three days. 

Aphis foliornm uhni. The mother of a colony which leaves 
the egg in May is 1"' long at the end of July : it therefore lives 
for at least two and a half months (Do Geer, ‘ Abhandlungen zur 
Gcschichte dcr insekten,’ 1783, III. p. 53). 

Phylloxera vaslatrix, Tlie males are merely ephemeral sexual 
organisms, they have no proboscis and no alimentary canal, and 
die immediately after fertilizing the female. 

Pemphigus ierebiuthi. The male as well as the female sexual in- 
dividuals are wingless and without a proboscis ; they cannot take 
food and consequently live but a short time, — hir shorter than the 
parthenogcnetic females of the same species (Derbes, ‘ Note sur les 
aphides du pistachier terebintlic,’ Ann. des sci. nat., Tom. XVII, 

Cicada, In spite of the numerous and laborious descriptions of 

^ Imhof, ‘ Beitriige zur Anatomie cler Verla maximal Inaug. Diss., Aarau, 1881. 
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the Cicadas which have appeared diirinn;* the last tw centuries, I 
can only find precise statements as to the duration of life in the 
mature insect in a single species. P. Kalrn, writing upon the 
North American Cfcada septmdecim, which sometimes appears in 
countless numbers, states that ‘six weeks after (such a swarm had 
been first seen) they had all disappeared.’ Hildreth puts the life of 
the female at from twenty to twenty-five days. This agrees with 
the fact that the Cicada lays many hundred eggs (Hildreth states a 
thousand) ; sixteen to twenty at a time being inserted into a hole 
which is bored in wood, so that the female takes some time to lay 
her eggs (Oken, ‘Natiirgeschichtc,’ Bd. Abth. p. et seq.). 

Acmiihia lednlana. No observations have been made upon the 
bed bug from which the normal length of its life can be ascer- 
tained, but many statements tend to show that it is exceedingly 
long-lived, and this is advantageous for a parasite of which the food 
(and consequently growth and reproduction) is extremely precarious, 
'^riiey can endure starvation for an aslnnishingly long period, and 
can survive the most intense cold. Leunis (‘Zoologie,’ p. 659) 
mentions the case of a female which was shut up in a box and or- 
gotten : after six months’ starvation it was found not only alive 
but surrounded l)y a circle of lively young ones. Guze found 
bugs in the hangings of fin old bed which had not been used for 
six years: ‘they appeared wdiitc like paper.’ A have myself ob- 
served a similar case, in which the starving finimals were quite 
transparent. I)c Geer ])lacod some bugs in an unhoated room in 
the cold winter of 1772, when the thermometer fell to — 33’C: 
they passed the whole winter in a state of torpidity, but revivci 
in the following May. (He Geer, Bd. 111 . p. 165, and Oken, 

‘ Naturgeschichte,’ 2^®'' Bd. 3^® Abth. p. 1613.) 

V. Hipteka. 

Pnlex irrifaus. Oken says of the flea (‘ Naturgeschichte,’ Bd. TT. 
Abth. 2, p. 759) that ‘ death follows the deposition of the eggs, in 
the course of two or three days, even if the opportunity of sucking 
blood is given them.’ The length of time which intervenes between 
the emergence from the cocoon and fertilization or the deposition 
of eggs is not stated. 

Sarcopliaga carmria. The female fly dies ten to twelve hours 
after the birth of the viviparous larvae ; the time intervening 
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between the cfcit from the cocoon and the birth of the youn^^ is 
not given (Oken, quoting Reaumur, ‘ Mem. p. s. a Thist. insectes,’ 
Paris, 1740-48, IV). 

Musca (lomesiica. In the summer the common liouse-fly begins 
to lay eggs eight days after leaving the cocoon : she then lays 
several times. (Sec (llcichen, ‘ Geschichtc der gcmcincn Stubon- 
fliegc,’ Nuremberg, i7^4-) 

Eristalis tenax. The larva of this large fly lives in licpiid 
manure, and has been described and figured by Reaumur as the rat- 
tailed larva. I kept a female which had just emerged from the 
cocoon^ from August 30th till October 4th, in a large gauze-covered 
glass vessel. The insect soon learnt to move freely about in its 
prison, Avithout attempting to escaj)e ; it flew round in circles, with 
a characteristic buzzing sound, and olitained abundant nourish- 
ment from. a solution of sugar, provided for it. From Se])tember 
lijth it ceased to fly about, except Avhen frightened, when it would 
fly a little way off. I thought that it was about to die, but 
matters took an unexpected turn, and on the 26th of Scj)tember it 
laid a large packet of eggs, and again on the 29th of the same 
month another packet of similar size. The flight of the animal 
had been probably impeded by the weight of the mass of ri])o eggs 
in its l)0(ly. The deposition of eggs was probably considerably 
retarded in this cjasc, because fertilization had not taken place. 
The fly died on the 4tb of October, having thus lived for thirty-live 
days. Unfortunately, I have been unable to make any experiments 
as to the duration of life in the female when males are also present. 

VI. Lepidoptepa. 

I am especially indcl>tcd to Mr. W. 11 . Edwards ^ of Coalburgh, 
W. Virginia, and to Dr. Speyer, of Rhoden, for valuable letters » 
relating to this order. 

The latter writes, speaking of the duration of life in images 
generally : — ‘ It is, to my mind, improbable that any butterfly can 
live as an imago for a twelvemonth. Specimens which have lived 
through the winter are only rarely seen in August, even when the 
summer is late. A Avorn specimen of Tanesm cardui has, for 

^ Mr. Edwards lias meanwhile published these comiriunications in fall ; cf. ‘ On 
the length' of life of Butterflies,’ Canadian Entomologist, 1881, p. 205. 
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instance, been found at tliis time’ (‘ Entoniolog. •Nachrichtcn,’ 

1 88 1, p. 146). 

In answer to my question as to whether the Cict that certain 
Lcpidoptcra take no solid or Ikpiid food, and are, in fact, without 
a functional mouth, may be considered as evidence for an adapta- 
tion of the lcn<^th of life to the rapid dc])osition of e«’g*s, Dr. Speyer 
replies : — ‘ The winj^less females of the V^ychldae do not seem to 
possess a mouth, at any rate I cannot find one in Psyche nnicolor 
[gramlnella). dlicy do not leave the case during* life, and certainly 
do not drink water. "Jlie saine is true of the wingdess female of 
Ilelerofjyms^ and of Orgy'm cricae^ and probably of all the females of 
the jgenus Orgyia ; and as far as T can judg‘e from cabinet specimens, 
it is probably true of the males oi IJeierofjynis and Psyche. I have 
never seen the day-11 ying Sahirnidae^ Bombycidae^ and other Lepi- 
dopiera with a rudimentary proboscis, settle in damp places, or 
suck any moist substance, and I doubt if they would ever do this. 
The sucking apparatus is probably defieient.’ 

In answer to my question as to whether the males of any species 
of butterfly or mot.h are known to pass a life of different length 
from that of the female, Dr. Speyer stated that he knew of no ob- 
servations on this point. 

The following are the only instances of well-established direct 
observations upon single individuals, in my possession ^ : — 

Pieris vai*. bryoniae S ? » captured on the wing : lived 
in confinement ten days, and were then killed. 

Vanessa promt lived at most ten days in conlinemcnt. 

Vanessa urficae lived ten to thirteen days in confinement. 

PapUio ajax. According to a letter from Mr. W. II. Edwards, 
the female, when she leaves the pupa, contains unripe eggs in her 
body, and lives for about six weeks — calculating from the first 
appearance of this butterfly to the disappearance of the same 
generation The luaies live longer, and continue to fly when very 
worn and exhausted. A worn female is very seldom seen;-«-‘I 
believe the female does not live long after laying her eggs, but 
this takes some da^’^s, and probably two weeks.’ 

Lycaena liolacea. According lo Mr. Edwards, the first brood of 
this species lives three to four weeks at the most. 

^ ^Vhen no authority is ‘^iveii, the observations arc my own. 

^ In the paper quoteu a])ove, Edwards, after weighing all the evidence, reduces 
the length of life from three to four weeks. 
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Smerinthis ilUae. A female, which had justi emerged from the 
pupa, was caught on June 24th ; on the 29th pairin<^ took place; 
on the 1st of July she laid about eiii^hty cg^s, and died the following 
day. She lived nine days, taking no food during this period, and 
she only survived the deposition of eggs by a single day. 

Ilacroglomi dellaianuiL A female, captured on the wing and 
already fertilized, lived in eonlinement from June 28th to July 4th. 
During this time she laid about eighty eggs, at intervals and 
singly; she then disappeared, and must have died, although the 
body could not be found among the grass at the bottom of the 
cage in which she was confined. 

ISaturnia pj/rL A pair which (piitted the cocoons on the 24th or 
25th of April, remained in coitu from the 26tli until May 2nd — 
six or seven days ; the female then laid a number of eggs, and died. 

Ps?/c/ie (jrannnella. The fertilized female lives some days, and 
the unfertilized female over a Aveek (Speyer). 

Solenohia triqiieMla, ‘The parthenogeiietic form (I refer to 
the one which I have shown to be parthenogenetic in Oken’s ‘ Isis,* 
1846, p. 30) lays a mass of eggs in the abandoned case, soon after 
emergence. The oviposition causes her body to shrivel up, and 
some hours afterwards she dies. The non-parthenogcnetic female 
of the same species remains for many days, waiting to be fertilized ; 
if this does not occr.r, she lives over a week.’ ‘ The ])arthonogenctic 
female lives for hardly a day, and the same is true of the partheno- 
genetic females of another species of t)olenobia ’ [S, inconspiciceUa ?). 
letter from Dr. Speyer. 

Psyche ealcclla^ 0 , The males live a very short time; ^ those 
which leave the cocoon in the evening are found dead on the 
following morning, with their wings fallen oil*, at the bottom of 
their cage.’ Dr. Speyer. 

Etipitheeia^ ^]>,[Geometndae)^ ‘wdien well-fed, live for three to four 
weeks in confinement ; the males fertilize the females frccpicntly, 
and, the latter continue to lay eggs when they are very feeble, and 
are incapable of creeping or flying.* Dr. Speyer. 

The conclusions and speculations in the text seem to be sufli- 
ciently supported from this short scries of observations. There 
remains, as we see, much to be done in this Held, and it would 
well repay a lepidopterist to undertake some exact observations 
upon the length of life in different butterflies and moths, with 
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reference to the conditions of life — the mode of e^^g*-laying, the 
degeneracy of the wings, and of the external mouth-parts or the 
closure of the mouth itself. It would he well to ascertain whether 
such closure does really take place, as it undoubtedly does in certain 
plant-lice. 


VII. COLEOPTERA. 

Melolontha vulgaris. Cockchafers, whicli I kept in an airy cage 
with fresh food and abundant moisture, did not in any case live 
longer than thirty-nine days. One female only, out of a total 
number of forty-nine, lived for this period ; a second lived thirty- 
six days, a third thirty-live, and a fourth and iifth twenty-four 
days; all tlie rest died earlier. Of the males, only one lived as 
long as twenty-nine days. These ])eriods are less by some days 
than the true maximum duration of life, for the beetles were cap- 
tured in the licld, and had lived for at least a day; but the differ- 
ence cannot be great, when we remember that out of forty-nine 
beetles, only three females lived thirty-live to thirty-nine days, and 
only one male twenty-nine days. Those that died earlier had 
probably lived for some considerable time before being caught. 

Exact experiments with pupae Avhicli have survived the winter 
would show whctlier the female really lives for ten days more than 
the male, or wliethcr the results of iny ex])ei'lment were merely 
accidental. I may add that coitus frcipiently took place during 
the period of captivity. One pair, observed in this condition on 
the 17th, separated in the evening ; they paired again on the 
morning of the i8th, and separated in the middle of the day. 
Coitus took place between another pair on the :^2nd, and again on 
the ^6th. 

I watched the gradual approach of death in many individuals : 
some days before it ensued, the insects became sluggisli, ceased to 
lly and to eat, and only crept a little Avay off when disturbed : they 
then fell to the ground and remained motionless, apparently dead, 
but moved their legs when irritated, and sometimes automatically. 
Death came on gradually and imperceptibly; from time to time 
there was a slow movement of the legs, and at last, after some 
hours, all signs of life ceased. 

In one case only I found bacteria present in great numbers in 
the blood and tissues ; in the other individuals which had recently 
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died, the only noticeable cliang-e was the unusual dryness of the 
tissues. 

CaraLifs anraliis. An experiment witli an individual, caught on 
May ii7th, gave the length of life at fourteen days ; this is 
probably below the average, since the beetles are found, in the wild 
state, from the end of May until the beginning of July. 

Lucamts cervus. Captured individuals, kept in confinement, and 
fed on a solution of sugar, never lived longer than fourteen days, 
and as a rule not so long. The beetles appear in June and July, 
and certainly cannot live much over a month. As is the case with 
many beetles appearing during certain months, the length of the 
individual life is shorter than the period over which they are found. 
Accurate information, especially as to any dillercnce between the 
lengths of life in the sexes, is not obtainable. 

Isolated accounts of remarkably long lives among beetles are to 
be found scattered throughout the literature of the subject. l)r. 
Hagen, of Cambridge, Mass., has been kind enough to draw my 
attention to these, and to send mo some observations of his own. 

Cerawbp) Jwroi^. One individual lived in conlinemont from 
August until the following year 

Saperda card arias. An individual lived from the of Joly 
until the 24th of July of the next yearh 

Buprestis sfjleiidcns. A living individual was removed from a 
desk which had stood in a London counting-house for thirty years ; 
from the condition of the wood it was evident that the larva had 
been in it before the desk was made^. 

Blaps morlisafja. One individual lived three months, and two 
others three years. 

Blaps falldica. One individual which was left in a box and for- 
gotten, was found alive when the box was opened six years after- 
wards. 

Blaps oUiisa, One lived a year and a half in confinement. 

Eleodes grandis and E. dodipes. Eight of these beetles from 
California were kept in confinement and without food for two years 
by Dr. Gissler, of Brooklyn ; they were then sent to Dr. Hagen 
who kept them another year. 

GoUathus cacicus. One individual lived in a hot-house for five 
months. 


Entomolog. Mag.,’ vol. i. p. 527, 1823. 
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In addition to these cases, Dr. Hagen writes to mer: ‘Among the 
beetles which live for more than a year, — Fasbnachus^ [Cara- 
lidae ) — and among ants, almost thirty per cent, are found with the 
cuticle worn out and cracked, and the powerful mandibles so greatly 
worn down that species were formerly founded upon this point. 
The mandibles arc sometimes worn down to the hypodermis.’ 

From the data before me I am inclined to believe that in certain 
beetles the normal length of life extends over some years, and this 
is especially the case with the lUapidac, It seems inobablc that in 
these cases another factor is present, — a rUa minima^ or apparent 
death, a sinking of the viinl processes to a minimum in conse([ucnce 
of starvation, which wc might call the hunger sleep, after the ana- 
logy of winter slec;]). The winter slco]) is usually ascribed to cold 
alone, and some insects certainly become so tor})id that they ai)pear 
to be dead when the temperature is low. }3ut cold does not affect 
all insects in this way. Among bees, for example, the activity of 
the insects diminishes to a marked extent at the beginning of 
winter, but if f.he temperature continues to fall, they become active 
again, run about, and as the bee-keepers say, ‘ try to warm them- 
selves by exercise’; by this means they keep some life in them. 
]f the frost is very severe, they die. In the tropics the period of 
hibernation for many animals coincides with the time of maximum 
heat and drought. This shows that the organ^m can be brought 
into the condition of a rifa 'mnuna in various ways, and it would 
not be at all remarkable if siuth a state were induced in certain in- 
sects by hunger. .Mxact expeuiments however are the only means 
by which such a suggestion can be tested, and 1 have already com- 
menced a series of experiments. The fact that certain beetles live 
without food for many years (even six) can hardly be explained on 
any other supposition, for these insects consume a fair amount of 
food under normal conditions, and it is inconceivable that they 
could live for years without food, if the metabolism were carried on 
with its usual energy. 

A very striking example, showing that longevity may be induced 
by the lengthening of the period of reproductive activity, is com- 
municated to me by Dr. Adler in the following note : ‘ Three years 
ago I accidentally noticed that ovovivi parous development takes 
place in Clirpsomela rarians ^ — a foct which I afterwards discovered 
had been already described by another entomologist. 
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‘The }^'as^?os thron^’li nil the developnicnfiil stai>‘OS in the 
ovaiy; when those are coiiiph'ted the eg*<4* is laid, and a minute or 
two afterwards the larva breaks throu^-h the eiL>‘iL»--slu‘ll. In each 
division of the ovary the e,i>'”*s nnd('ri»*o develo])ment one at- a time ; 
it tluTefore follows that they are laid at eonsidcM’able intervals, so 
that a loni** life l)eeom(‘S lU'cessary in order to ensure the develo])- 
ment of a sutlieiently loui^ series of eg£^*s. lienee it eonu's about 
that the females live a full y(‘ar. Amon»’ other sjx'cies of d/in/so- 
mda Wo i^*(‘ncrations succeed each other in a year, and the duration 
of life in the individual varies from a few months to half a yc'ar.’ 

VIII. IlYMKXOrTKIJA. 

Cijiiijudae. I have been unable to tind any accurate accounts of 
the duration of life in the ima<^’os of saw-flies or icdincumons ; but 
on the other hand I. owe to the kindness of Dr. Adler, an (‘xcellent 
observer of the the ])reeise accounts of tliati family which 

are in my possession. I asked Dr. Adler the i»‘i‘neral (picst ion as to 
whether there was any variation in the duration of lile amonii^ the 
Cj/nipidae enrres])ondii\^‘ to the conditions under which the deposi- 
tion of eg'H's took })lace ; whether those species whictli lay many 
eg\i»’s, or of which the ovi])osition is laborious and ])rotracted, lived 
Ioniser than those species Avhich lay ndatively lew eg*g‘S, or easily and 
(piickly tind the suitable jdaci's in which to de})Osit them. 

Dr. Adler fully confirmed my suppositions and su[)])orted them 
by the following- statcuuents : — • 

The summer g-iuieration of NenroferU’'^ [tipaUirgader) has the 
shortest; life of all ijijnrp'idao. Whetlier captured or reared from the 
gnlls T have only kept them alive on an averag*e for three to four 
days. In tliis^ g-eneration the work of ovi[)Osition re([uires tin; 
short est time and the least ex])enditurc of energy, for the eg*g’s are 
siinjdy laid on the surface of a. leaf. The number of eg*gs in the 
ovary is also smaller than that of other species, averaging- about 
200.* This form of Cfurps can easily lay joo eg-g-s a day. 

‘ The summer g-eneration of Dnjophanta [Spaf hrfjasler Tusclienhergi^ • 
mrv.cosus^ etc.) lives somewhat long’or ; 1 have kept them in con- 
finement for six to eig-ht days. The ovi])osition re<[uires a consider- 
able expenditure of time and streng-th, for the ovi])Ositor has to 
pierce the rather tough mid-rib or vein of a leaf. The number of 
eggs in the ovary averages 300 to 400. 
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‘ The summer jf^eueration of AmhicAis, which l)eloii<>S to the exten- 
sive g*enus Aphilolnx^ liavc also a loni)’ life. 1 have kept the smaller 
AmJncus (such as A. nwJvs^ A. (Analm^ A. vodid'i) alive for a week, 
and the larger (//. ivjlalor, A. curmior, A. mnnifi) for two weeks. 
The smaller species pierce the young buds when quite soft, but the 
larger ones bore through the fully grown buds protetded by tough 
scales. The ovary of the former contains 400 to 500 eggs, that of 
the latter over 600. 

‘The agamic winter generations live much longer. The s])ecies of 
NenrofeniH have the shortest life ; they live for two weeks at the 
outside; on tlie other hamh species 0^ A phi Ivfnx live ([uite four 
weeks, and JJnjnphanfa and Kiorh'iza even longer. I have kept 
BnjopJnmfa smle/fam alive for three months. The number of eggs 
in those agamic (djii 'iphlae is much larger : Bnjoplaula and Aphllolnx 
contain 3200 and /Yc/z/yVc/vo? about looo.’ 

Tt is evidently, therefore, a general rule that the duraiion of life 
is directly proportional to the number of eggs and to the time and 
energy expend(‘d in oviposition. It must of course be understood 
that, here as in all oi.her instances, these are not the only factors 
which determine tke duration of life, but many other factors, at 
present unknown, may be in combination with them and assist in 
producing the result. For example, it is very ])robablo that the 
time of year at wdiich the imagos appear 6'xerts some indirect 
inlluence. The long-lived Kiorh'iza emerges from the g^all in the 
middle of winter, and at once begins to deposit eggs in the oak 
buds. Although tln^ inscci- is not sensitive lo low tom])e]’ature, for 
I have myself seen ovi])osi(ion ]u’occoding when the thermometer 
stood at 5" 11., yet very severe frost would certainly lead to inter- 
ruidion and would cause the insect to shelter itself among dead 
leaves on the ground. Such intiUTuptions may be of long duration 
and fre(picntly repeated, so that the remarkably long life of this 
species may perha})s be looked upon as an adaptation to its winter 
life. 

Anls, Lasinsjlavnn lays its eg-gs in the autumn, and the young 
larvae pass the Avintcr in the nest. The males and females leave 
the cocoons in June, and pair during July and August. The males 
fly out of the nest witli tlie females, but they do not return to it ; 

‘ they die shoidly after pairing.^ It is also believed that the females 
do not return lo the nest, but found new^ colonies ; this point is 
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however one oOthe most uncertain in the natural history of ants. 
On the other liaiid it is cj^uitc certain tliat tlio female may live for 
years witliin the nest, continuini>^ to lay fertilized ei>'<4*s. Old 
females arc sometimes found in the colony, with their jaws worn 
down to the liypodcrmis. 

Breeding* experiments conlirm these statements. P. lluher ^ and 
Christ have already })ut the life of the female at three to four years, 
and Sir John Lubhock, who has l)ecn lately occupied with the 
natural history of ants, was able to keep a fmnale workiu* of Formica 
sangidnca alive for live years ; and he has been kind enough to write 
and inform me that two females oi Formica which he captured 
in a wood ix)n'ethcr with ten workers, in December 1874, are still 
alive (July i(S8i), so that tliose insects live as iina^^os for six and a 
half years or more 

' ‘ Iteclierches sur les iiinnirs des Foiirinis iiidig<‘nes,’ Gciiove, iSio. 

These two feiiuile auts wore still alive 011 tlie 25th of September following Sir 
John Lubbock’s letter, so that they live at least st'voii years. (!f. ‘ Observations on 
Ants, liees, and Wasps,’ i’art YI 1 1 , p. 7,85; Linn. Soe. dourn. Zool., vol. xv. iSSi. 

[Sir J obn Lubbock lias kindly given me furtlier information u])t)n tlie duration of life 
of these two ([ueen ants. Since the receipt of bis letter, tlie facts have been published 
in the .Journal of the Liiinean Society (Zoology), vol. xx. ]>. 133. T ipiuto in full 
the passage which refers to these ants : — 

‘Longevity. — It may be remembered that my nests have enabh'd me to keep ants 
under observation for long periods, and that I have? iilentihed workers of Ijusim m<jer 
and Formica J'lcsra which were at h'ast seven years ohl, and two ([iieens of Formica 
fusca which have lived with mo ever since December 1874. One of these (pieens, 
after ailing for some days, died on the 30th duly, 1887. She must then have been 
more than thirteen years old. F was at first afraid that the other one might be 
affected by the death of lu'i’ conipaiiioii. She lived, however, until the 8th August, 
iS8*8, when she must have been nearly fifteen years old, and is therefore by far the 
oldest insect on record. 

‘ Moreover, what is very extraordinary, she continued to lay fertile egga. Tliig 
remarkable fact is most interesting from a ])hysioh)gical point of view. I’ertilization 
took place in 1874 at the latest. There has been no male in the nest since then, 
and, moreover, it is, I believe, well established that queen ants and queen bees are 
fertilized once for all. Deuce the spermatozoa of 1874 must have retained their life 
and energy for thirteen years, a fact, I believe, unparalleled in physiology.’ 

* * * He He * * 

't 

‘I had another queen of Formica fnsca which lived to be thirteen years old, and 
I have now a (pieen of Ladas ni>jer which is more than nine years old, and still lays 
fertile eggs, which produce female ants.’ 

Both the above-mentioned queens may have been considerably older, for it is im- 
])ossible to estimate their age at the time of capture. It is oidy certain (^as Sir John 
Lubbock informs me in his letter) that ‘they Jiiust have been at least nine montha 
old (when captured), as the eggs aiF.fitsca are laid in March or early in April.’ 
Tlie queens became gradually ‘somewliat lethargic and stiff in their movements 

E 2 
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On the other hand, Sir John Luhboclc never succeeded in kcepins^ 
tliQ males ‘ alive longer than a few wec'ks.’ Both the older and 
more recent observers a^’rce in statin tliat female ants, like 
queen bees, are always ])rotccted as completely as possible from 
injury and dan<^er. Dr. A. Ford, wliose thorou£»’h knowledi^e of 
Swiss ants is well known, writes to me, — ‘ The female ants are only 
once fertilized, and are then tended by the workers, lieino^ cleaned 
and fed in tin? middle of the nest : one often linds them with only 
three leg's, and with their chitinous armour g’reatly worn. They 
never leave the centre of the nest, and their only duty is to lay 

CO'g'S.’ 

With regard to the workers, Jmrel bedieves that their constitution 
would enable them to live as long as the females (as the experiments 
of Lubbock also indicate), and the fact that in the wild slat.e they 
generally die sooner than the females is ‘certainly connected wdth 
the fact that they arc exposed to far greater dangers.’ The same 
relation seems also to obtain among bees, but with them it has not 
been shown that in confinement the workers liv(i as long as the 
queens. 

Jk‘es. According to von Berle})seh ^ the queen may as an excep- 
tion live for five ^^ars, but as a rule survives only two or three 
years. The workers always seem to liv(‘ for a. much shorter ])eriod, 
generally less than a year. Direct ex])erimdnts iqion isolated or 
confined bees, or upon marked individuals in the wild slate, do not 
])rovc this, but the stafistics obtained ])y bee-keepers confirm the 
above. J^ivery winter the numbers in a hi\x‘ diminish from 
12,000-20,000 to 2000 3000. The queen lays the largest number 
of eggs in the spring, and the workers which die IxTore t he winter 
are replaced ])y those which emerge in the summer, autumn or 
during a mild winter. The queen lays eggs at such a variable 
rate throughout the year that the above-mentioned inequality in 
numbers is explained. The workers do not often live for more than 
six to seven months, and at the time of their greatest labour, (May 
to July), only three months. An attem])t to calculate the length 
of life of the workers and drones by taking stock at the end of 

(before tlicir death), but tlicro was no loss of any limb nor any abrasion.’ This last 
observ.atiou seems to indicate that queen ants may live for a much loni>'cr period in 
the wild state, for it is stated above that the cliitiii is often greatly worn, and some 
of the limbs lost (see pp. 48, 51, and 52). — E. B. P.J 

^ A. von Berlopsch, ‘Die Biene uiid ihre Zucht,’ etc., 3rd cd.; Mannheim, 1872. 
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simirnor, <:>ives ^i\ itiontlis for tlic former and four mouths for the 
latter h 

The drones do not ns a rule live so lon^ as four months, for they 
meet witli a violent death before the end of this period. The well- 
known shm^'htcr of the drones is not, accordino- to the latest obser- 
vations, broiio’ht about directly by moans of the stino's of the 
workers, but by these latter driving’ away the useless drones from 
the food so that they perish of starvation. 

//Vz.sy;.*?. It is inleresting that among these near relations of the 
bees, the life of the female should be much shorter, corresponding 
to the much lower degree of specialization found in the colonies. 
The funales of PoUnfcH (/allica and of ! cm pa not only lay eggs but 
take part in l)uilding the cells and in collecting food ; they arc 
there I'ore ol)liged to use all ]>arts of the body more aclively and 
especially the wings, and arc ex])Osed to greater danger from 
enemies. 

It is w(‘ll known from Leuckart’s observations, that ihe so-called 
‘workers’ Poll mI cm pa! lira and BomhuM arc not arrested females 

like the workers of a bee-hive, but are lemales which although 
certainly smalhu’, are in ev(‘rv way ca})abli^ of being h'rtilized and 
of reproduction. Von 8i(d)old has nevm’tludess proved that they 
are not fertilized, but reproduce parthcnogenotieall\\ 

The h'rtilized feiiAile which survives th(‘ wint(‘r, commences to 
found a colony at the b(‘ginning of T\Tay : the larvae, which hatch 
from the first (\ggs, whi(;h are about fifteen in number, become 
puj)a(* at the beginning of June, and the imagos appear towards the 
end of the same month. These arc all small ‘ workers,’ and they 
perform such good s{‘rvice in tending the second lirood, that the 
latter alJainthc size of the female which founded the colony ; only 
dilfering from her in the perfect condition of their wings, for by 
this time her wings are greatly worn away. 

The males appear at the l^eginning* of July; their spermatozoa 
arc Djature in August, and pairing then takes place with certain 
‘ special females whicjh reiiuire fertilization ’ which have in the 
meantime emerged from their cocoons. These are the fcnnalcs which 
live through the winter and found new colonies in the following 
spring. The old females of the previous winter die, and do not live 

^ E. Levan, ‘ reber <lle Honigbienc iind die Liingo ihres Lebens;’ abstract in 
Oken’a ‘Isis,’ 184.^, p, 506. 
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beyond tlic summer at the bcf^inniii^ of which t they founded 
colonies. At the first appearance of frost, the youn^* fertilized 
females seek out winter (piarters ; the males which never survive 
the winter, do not take this course, l)ut perish in October. The 
])artheno^cnctic females, whi(;h remain in the nest during- the 
nuptial fiig-ht, also i)crisli. 

The males of l^olkfefi (jaUica do not live longer than three 
months — from July to the beginni'ng of October ; the j)artheno- 
genetic females live a fortnight longer at the outside — from the 
middle of June to Oetol)cr, but the later generations have a shorter 
life. The sexual females alone live for about a year, including the 
winter sleep. 

A similar course of events takes place in the g-enus / In 
both these genera tlic ])ossil)ility of reproduction is not restriciicd to 
a single female in the nest, l)ut is shared by n number of females. 
In the genus Apis alone is the division of lal)our complete, so that 
only a single female (the (pieen) is at any one time capable of re- 
])roduction, a power which difierentiates it from the sterile workers. 

Note 4. The IIurateon ok Like ok the Loweii Marine Animals. 

I have only met with one definite statement in the literature of 
this part of the sul)ject. It concerns a sea anemone, — which is a 
solitary and not a colonial form. The Lnglish zoologist Dalycll, in 
August, j8ii8, removed an Acl'uiia mesciiifji'jjaniliewnm ixom the sea 
and placed it in an aijuarium It was a very fine individual, 
although it had not (piitc attained the largest size ; and it must 
have been at least seven years old, as proved l)y com])arison with 
other individuals reared from the egg. In the year icSgcS, it was 
about thirty years old, and in the twenty years during which it had 
been in captivity it had produced 334 young Actiniae. Prof. 
Dohrn, of Naples, tells me tlmt this Actinia is still living to-day, 
and is shown as a curiosity to those who visit the Botanical Gardens 
in Edinburgh. It is now (1882) at least sixty-one years okP.‘ 

^ Dalycll, ‘ Rare and Remarkable Animals of Scotland,’ vol. ii. p. 203 ; London, 
1S48. 

Mr. J. S. Haldane has kindly obtained details of the death of the sea anemone 
referred to by the author. It died, by a natural death, on August 4, 18S7, after 
having appeared to become gradually weaker for some months previous to this date. 
It had lived ever since 1828 in the same small glass jar in which it was placed by 
Sir John Dalyell. It must have been at least 66 years old when it died. — E.B.P.] 
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Note 5. Tiie Duration of Life in Indigenous Terrestrial 
AND Fresh-water Moi.i.usca. 

I am indebted to Herr Clessin — tlic eelebnited student of our 
mollusca — for some valuable notes u])on our indigenous snails and 
bivalves {^Lamell'ihranclnala). I could not incorjiorate tliem in the 
text, for a number of necessaiy details as to the conditions of life 
arc at present entirely unknown, or are at least only known in a 
very fragmentary manner. No statistics as to the amount of de- 
struction sulfercd by the young arc available, and even the number 
of eggs produced annually is only known for a few species. I 
nevertheless include Herr Clessin’s very interesting communica- 
tions, as a commencement to the life statistics of the Mollusca. 

(1) ‘ Yilrmiv are annual ; ihe old animals die in the spring, after 
having produced the si)awn from which ihe young dcvclope. These 
continue to grow until the following spring.’ 

(2) ‘ 4 dio kSifcchieifr are mostly bi(*nnial ; Sacciuea probably 
triennial. Fertilization inkes ])lacc from .)un.e till the b(‘ginning of 
August, and the young develoj)e uniil the autumn. ISnccinea If elf- 
feri and S. elegans live through the winter, and ihe fact is proved 
by very distinct annual markings, lleproduction tidees place in 
July and August of the following year, and they die in the autumn. 
They continue to grpw until tluur death.’ 

(3) ‘ The shells of our native species of Pupa^ Chm'd'm^ and Pull- 
wm (with the exception of IhdhuuH detniuP) show but faint annual 
markings. They can hardly rc(|uirc more than two years for their 
complete development. The great number of living individuals 
with full-sized shells belonging to these genera, as compaa’ed with 
the number which possess smaller shells, makes it j)robable that 
these animals live in the mature condition longer than our other 
Ifelicidac, I have always found full-sized shells present in at 
least two-thirds of the individuals of these genera characterized by 
mucji-coilcd shells — a proportion which I have never seen among 
our larg'cr JLelicidae. Nevcrtlieless direct observations as to the 
length of life in the mature condition are still wanting.’ 

(4) ‘ The IMiddac live from two to four years ; Jlellx sericca, E, 
/lisjdda^ two to three years ; U, hortenm^ U, neworalia^ Jf, arkedornm, 
as a rule three years ; E. powalia four years. Fertilization is not 
in these species strictly confined to any one time of year, but in the 
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case of old animals takes i)lace in the spring*, as soon^as the winter 
sleep is over; while in the two-year-old animals it also happens 
later in the summer.’ 

(5) ‘ The ll'^aliueac are mostly biennial : they seldom live three 
years, and even in the largest species such an age is probably 
exceptional. The smallest Jf^alincae and ILi/ichiac live at most two 
years. The length of life is dependent upon the time at which the 
parents are fertilized, for this decides wludher the young begin to 
shift for themselves early in the summer or later in the autumn, 
and so whether the lirst year’s growth is large or small.’ 

(6) ‘ The s})('ci('s of JjunuaauH^ IHauorhU^ and AiinjlaH live two 
to three years, tluit is they take i wo to three years to atiain the full 
size. L. anncnlaria is mostly biennial, L, ])afuHlriH and L. jjereger 
two to thn'e yt'ars : I have found that the latter, in the mountains 
at Oberslorf in the bavarian Al])s, may exce[)tiona.lly attain the 
age of four years, that is, it may possess throe clearly defined annual 
markings, whilst the specimens from the plain never showed more 
than two.’ 

(7) ‘ The PaliuUnidae atiain an age of three or four years.’ 

(8) ‘The smaller bivalves, PU‘i(li/ua and Cgclas^ do not often live 
for more than two years: the larger jSa]ail(ii\ on the other hand, 
often live for more than ten yeai's, and indeed they are not full 
grown until they possess ten to fourteen! annijal markings. It is 

' possible that habitat may have great influofice upon the length of 
life in this order.’ 

‘ Unio and Anodoufa become s(‘xually mature in the third to the 
fifth year.’ 

As far as 1 am aware but few stateuKuils exist u])on the length 
of life in marine mollusca, and these are for the most ])ai‘t very 
inexact. The giant bivalve Tridania rjigas must attain an age of 
60 to J 00 years h All CejAfaloiiods live for at least over a year, 
and most of them well over ten years; and tlic giant forms, 
sometimes misf aken for ‘ sea-ser])enfs,’ must require many decades 
in which to attain siuh a remarkable size. L. Agassiz has deter- 
mined the length of life in a large sea snail, JTatica heros^ by 
sorting a great number of individuals according to their sizes : he 
places it at 30 years 

^ Dronn, ‘Klafc;sen nnd Ordimiigeii de^ Tliierrcioh?,’ Ed. III. p. 466; Leipzig. 

Broun, 1. c. 
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I am g-lad ^to be able to communicate an observation made at 
the Zoological Station at Naples u])on tlu^ length of life in 
AscMiaufi, The beautiful white Cionea inkd’niadi^ lias settled in 
groat numbers in an aquarium at the Station, and Pj’olessor Dohrn 
tells me that it produces three gemmations annually, and that 
each individual lives for about five months, and then rcqiroduees 
itself and dies. External conditions accounting for this early 
death liave not been discovered. 

It is known that the freshwater Vohjzoa are annual, but it is 
not known whether the iirst individuals ])roduced from a colony 
in the spring, live for the whole summer. The length of life 
is also unknown in singh^ individuals of any marine Poly zoom 

Clessin’s accurate statements upon the freshwater ^lollusca, pre- 
viously ([noted, show that a surjirisingly short length of life is the 
general rule. Only those forms of which the large size re([uires that 
many years shall elapse before the attainment of sexual maturity, 
liv(; ten years or over A)io(hnla)\ irnhied, our largi'st 

native snail (lleiix p(w/a/ia) only lives for four years, and many 
small sj)ecies only one year, or two years if the ibrmer time is in- 
sullicient to nmder tlusn S('xually maiure. These facis seem to 
indicate, as J think, that these molluscs arc ex])os(‘d to great de- 
slriudion in t)ho adult si-ate, indeed to a gre^ater ('xtent than when 
tliey are young, 017 at any rate, to an e([ual extent. Ihe facts 
appear to be the reverses of those found among birds. The 
f(‘rt,ility is enormous ; a single mussel contains several hundred 
thousand eggs ; the deslruction of young as compared with the 
number of eggs ])roduced is distinctly smaller than in birds, there- 
fore a much shorter duration of the life of (?jich mature individual 
is rendenKi possible, and further becomes advantageous be(?auso the 
mature individuals are exposed to severe destruction. 

However it can only be vagiuily suggested that this is the (^ase, 
for positive proofs are entirely absent. Perhaj)S the destruction of 
single mature individuals does not play so important a i)art as the 
destruction of their generative organs. The ravages ol parasitic 
animals [Trcwato(hH) in the internal organs of snails and bivalves 
are well known to zooh^gists. The ovaries of the latter are often 
entirely lilled with parasites, and such animals arc then incapable 
of reproduction. 

Besides, molluscs have many enemies, \vhieh destroy them both 
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on land and in water. In the water, — fish, frogs, newts, ducks and 
other water-fowl; and on land many birds, the hedgehog, toads, etc., 
largely depend upon them for food. 

If the principles developed in this essay apply to the freshwater 
Mollusca, we must then infer that snails which maintain the 
mature condition — tlie caj)ability of reproduction — for one year, 
are in this state more exposed to destruction from the attacks of 
enemies than those species which remain sexually mature for two 
or three years, or that the latter suffer from a greater proportional 
loss of eggs and young. 


Note 6. Unequal Length oe Life in tiil two Sexes. 

'lliis inc(iuality is frc(|uently found among insects. The males 
of the reniarkalile little parasites infesting ])ees, the 
only live for two to three hours in the mature condition, while 
the wingless, maggot-like, female lives eight days : in ihis case, 
therefore, the female lives sixty-four iimes as long as the male. 
The explanation of those relations is obvious ; a long life for the 
male would be useless to the species, while the relatively long life 
of the female is a necessity ibr the species, inasmuch as she is 
viviparous, and must nourish her young until their birth. 

Again, the male oi Flif/lloxcra ratifalrix lives" for a much shorter 
period than the female, and is devoid of proboscis and stomach, and 
takes no food : it fertilizes the female as soon as the last skin has 
been shed and then dies. 

Insects are not the only animals among which we find inequality 
in the lenglli of lih^ of the two sexes. Very little attention has 
b('en hitherto directed to this matter, and wc therefore possess 
little or no accurate information as to the duration of life in 
the sexes, but in some cases we can draw inferences either from 
anatomical structure or from the mode of development. Thus, 
male llotifers never possess mouth, stomach, or intestine, ^hey 
cannot lake food, and without doubt live much shorter lives 
than the females, which are provided with a complete alimentary 
canal. Again, the dwarf males of many j)arasitic Copepods — 
low Crustacea — and the ‘ complementary males ’ of Cirrliipedes 
(or barnacles) are devoid of stomach, and must live for a much 
shorter time than the females ; and the male Enlmiscidae (a family 



AITKNDIX. 


59 


of which theo species are endo-parasitic in the larg‘er Crustacea), 
althon^'li they can feed, die after feftilizinii^ the females ; while 
the latter then take to a parasitic life, ])roduco e<)’<)*s, and continue 
to live for some time. It is su])poscd that the dwarf male of 
Bonellia vindis does not live so lon^ hj several years as the hun- 
dred times larger female, and it too has no mouth to its alimentary 
canal. These examples might be further increased by reference to 
zoological literature. 

In most cases the female lives longer than the male, and this 
needs no special explanation ; but the converse relation is con- 
ceivable, when, for instance, the females are much rarer than the 
males, and the latter lose much time in seeking them. The above- 
mentioned case of AijUa fan probably belongs to this category. 

We cannot always decide conclusively whether the life of one 
sex has been lengthened or that of the other shortened ; both 
these clianges must have taken place in ditferent cases. There is 
no doubt that a lengthening of life in the female has arisen in 
the bees and ants, for both sexes of the saw-tlies, which arc be- 
lieved to be the ancestors of bees, only live for a few weeks. 15ut 
among the ^Irepuptera the shorter life of the mahi must have been 
secondarily accpiircd, since wc only rarely meet with such an ex- 
treme case in insects. 


Notk 7. Bees. 

It has not been experimentally determined whether the workers, 
which are usually killed after some months, would live as long as 
the (pieen, if they were artilicially protected from danger in the 
hive ; but I think that this is probable, because it is the case 
among ants, and because the peculiarity of longevity must be 
latent in the egg. As is well known, the (‘gg which gives rise to 
the queen is identical with that whicii produces a worker, and 
dillcrences in the nutrition alone decide whether a queen or a 
wovkcr shall be formed. . It is therefore probable that the duration 
of life in queen and worker is potentially the same. 

Note 8. Death oe the Cklls in hkhikr Organisms. 

The opinion has been often expressed that the inevitable appear- 
ance of normal ‘ death ' is dependent on the wearing out of the 
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tissues in consequence of their functional activity. • Bertin says, 
referrini** to animal life^ : — ‘ L’ol)scrvation dcs fa its y attache I’idee 
d’une termi liaison fatale, hien quo la raison no decouvre nullemcnt 
les motifs do cette necessite. Chez les ctres qui font partie dn 
rci^Tie animal rexercisc memc do la renovation molcculaire finit 
par user lo principe ([ui I’cntrctient sans doutc parcoque le tra- 
vail d’cchano*e ne s ac(iomplissant pas avec une perfection niathe- 
mathpic, il s’etablit dans la fi^^ure, comrnc dans la substance de 
I’etre vivant, une deviation insensible, ei. (pie ractcumulation dcs 
ecarts Unit par amenor un type chimique ou morph ologitpie in- 
compatible avec la jicrsistance de ce travail.’ 

IJere the replacement of the used-uj) elements of tissue by new 
ones is not taken into account, but an attempt is made to show 
that the functions of the whole or<^anisni necessarily cause it to 
waste away. But the (juestion at once arises, whether such a rc'sult 
does not (hqiend ujion the fact that the sin<»*le histological elements, 
— the cells,— are worn out by the ex(Tcise of function. Bertin 
admits this to be the case, and this idea of the imjiortance of 
chan,i»*cs in the cells themselves is everywhere o^ainino’ oTound. 
But although we must admit tlnit the histological elements do, as 
a matter of fact, wear out, in multicellular animals, this wDuld not . 
prove that, nor explain why, such changes must follow from the 
nature of the cell and the vital proe(issi‘S which take place within 
it. Such an admission would merely suo‘2;‘est the question :-- ~how 
is it that the cells in the tissues of hii>iier animals arc worn out 
by their function, while cells which exist in the form of free and 
indej)endent oro-anisms j)ossess the power of livino* for ever? AYhy 
should not the cells of any tissue, of which the e(piilibrium is 
momenlarily dislurbed by meiabolism, be ag*ain restored, so that the 
same cells continue to perform their functions for ever : — why cannot 
th(\y live without their ])roperties sullering* alteration? I have not 
sufliciently touched upon this point in the text, and as it is obviously 
important it demands furtlnu’ consideration. ^ 

In the first place, I think we may conclude with certainty from the 
unending* duration of unicellular organisms, that such wearing out 
of tissue cells is a secondary adaptation, that the death of the cell, 
like general death, has arisen with the complex, higher organisms. 
AVaste does not depend upon the intrinsic nature of the cells, as the 

^ Cf. the article ‘ Mort’ in the ‘ Encyclop. Scicnc. Mod.’ vol. M. p. 520. 
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primitive or^enisms prove to us, but it has appeared as an adapta- 
tion of tlie cells to the new conditions by which ibey arc siirronuded 
wlion they come into combination, and tliiis form the cell-repnl)lic 
of the metazoan bodv. The replacement of cells in the tissues must 
be more advanta^’cous for the functions of the whole organism than 
the unlimited activity of the same ccdls, inasmuch as the })ower 
of single cells would be much increased by this means. In certain 
cases, these advantages are obvious, as for exam])le in many glands 
of which the secretions arc made up of east-olf cells. ISueh cells 
must die and be separated from the organism, or the secretion would 
come to an end. In many cases, however, tlie facts are obscure, 
and await physiological investigation. Ihit in the meantime we 
may draw some conclusions from the efiects of' growth, which are 
necessarily bomid up with a certain rate of prodiudion of new cells. 
In th(i ])rocess of growth a certain dcgr(‘e of ch()i(‘e between t.he old 
cells which have ])errormed their functions uj) to any particular 
time, and t.he new ones which have ap])ear(‘d between them, is as it 
were l(‘ft to the organism. 

The organism may thus, figuratively speaking, venture to demand 
from the various s[)ecinc cells of tissues a greater amount of work 
than the}' are able to bear, during the normal length of their life, 
and with the normal amount of their strength. The advantages 
gained b}' iho whde organism might more than compensain for 
the disadvantages which follow from the disa})pearancc of single 
cells. The glandular s(‘cretions which are com[)osed of eell-d(5- 
tritus, ])rove that th(‘ cells of a com])l(‘x organism may a(n[uii’e 
functions which resulti in the loosening of their connexion with the 
living cell-community of the body, and their final se])aratIon from 
it. And the same facts hold with the blood corjniscles, for the 
cxercivSe of their function results in ultimate dissolution. TTcnci^ it 
is not only eonceivablc, but in every way pro])ablc, that many 
other functions in tlie higher organisms involve tiho (haith of the 
cellos which perform tliom, not because the living cell is necessarily 
worn out and finally killed by the excuvlse of any ordinary vital 
process, but because the specitic functions in the e(!onomy of the 
cell community which such cells undertake to perform, involve the 
death of the cells themselves, lliit the fact that such functions 
have appeared, — involving as they do the sacrifice of a groat num- 
ber of cells, — entirely depends upon the replacement of the old 
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by newly formed cells, that is by the process of reproduction in 
cells h 

Wc cannot a priori dispute the possibility of the existence of 
tissues in which the cells arc not worn out by the j)erformancc of 
function, but such an occurrence aj)pears to be improbable when 
we recollect that the cells of all tissues owe their constitution 
to a very far-reaching process of division of labour, which leaves 
them comparatively one-sided, and involves the loss of many pro- 
perties of the unicellular, sclf-suflicient or<>anisra. At any rate wc 
only know of potential immortality in the cells which constitute 
independent unicellular organisms, and the nature of these is such 
that they arc continually undcri’i'oing* a complete process of re- 
formation. 

If we did not (ind any replacement of cells in the hi^^her 
organism, we should be induced to look uj)on death itself as the 
direct result of the division of labour amoni>' the cells, and to con- 
clude that the s])ecirie cells of tissues have lost, as a consecpicnce 
of the one-sided development of their activities, the ])Owcr of un- 
ending life, which belongs to all independent primitive cells. Wo 
should argue that th(‘y emdd only ])erform their functions for a 
certain time, and would then die, and with them the organism whose 
life is dependent u])on their activity. The longer they are occupied 
with the performance of special functions, the less completely do 
they carry out tin? phenomena of life, and hence they lead to the 
appearance of retrogressive changes. Ihit the replacement of cells 
is certain in many tissues (in glands, blood, etc), so tliat wo can 
never seek a satisfactory explanation in the train of reasoning in- 
dicated above, but w^c must assume the existence of limits to the 
replacement of colls. In my opinion, we can lind an explanation 
of this in the general relations of the single individual to its 
species, and to the w hole of I he external condiiions of life ; and this 
is the explanation wduch I have suggested and have attempted to 
work out in the text. 

^ Roux, in his work ‘Der Kampf der Tlieilc iin Organismus,^ Jena i88i, has 
attempted to explain the manner in which division of labour has arisen among the 
colls of the liigher organisms, and to render intelligible the mechanical processes 
by which the purposeful adaptations of the organism have arisen. 
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Note 9. Death by Sudden SirocK. 

The most rcmarkahlc example of this kind of death known to me, 
is that of tlic male boos. It has been lon^' known tliat the drone 
perishes wlulc pairinii^, and it was usually believed that the (pieen 
bites it to death. Later observations have however shown that 
this is not the case, but that the male suddenly dies during’ copulation, 
and tliat the queen afterwards bites throuo’h the male intromittent 
or^an, in order to free herself from the dead body. In this (!ase 
death is obviously due to sudden excitement, for when the lailcu* is 
artificially induced, death immediately follows. Von Lerlepsch 
made some very interesting observations on this ])oint, ‘If one 
catches a drone by the win<>^s, during the nuj)tial flii^dit, and holds 
it free in the air witlioiit touching* any other pail, the penis is pro- 
truded and the animal instantly dies, becomin<> mofionlcss as 
ihou<^h killed by a shock. The same thino’ happens if one .l,'’ently 
stimulates the dorsal surface of the drone on a similar occasion. 
The male is in such an excited and irritable condition that the 
sli^iitest muscular movement or disturbance cause's the penis to 
be protruded h’ In this case death is caused l)y the so-called 
nervous shock. The humble-bees are not similarly constituted, for 
the male docs not die after fertilizing^ the female, ‘ but withdraws 
ifjS penis and flics away.’ But the death of male bec^s, during’ 
pairini^, must not be regarded as normal death. Ex])eriment has 
shown that these insects can live for more than four months'-^. 
They do not, as a, matter of fact, ^•enerally live so loni>* ; for — 
althoui^h the workers do not, as was formerly believed, kill them 
after the fertilization of the cpiccn, by direct moans — they prevent 
them from eatin-^ the honey and drive them from the hive, so that 
they die of hunger 

We must also look upon death which immediately, or very 
quickly, follows upon the deposition of eg^s as death by sudden 
shock. The females of certain s])ecics of P^vjcltidac, wlum they re- 
produce sexually, may remain alive for more than a week waiting 
for a male : after fertilization, however, they lay their eggs and 
die, while the parthenogcnetic females of the same species lay their 

, 1 von P>crlepsch, ‘ Die Biene iind ihre Zuclit/ etc. 

2 Oken, ‘ Isis/ 1844, p. 506. 

’ von Berlepsch, 1 . c., i\ 165. 
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eg‘g‘S and die immediately after leaving the cocoon ; so that while 
the former live for many days, the latter do not last for more than 
twcniy-foiir hours. ‘ Tiie })arthcno,i,*’enetic form of Soleuohia tri- 
qi(e(rdla^ soon after emcro*cnee, lays all her ei^g’S toi^ethcr in the 
empty case, hccomes much shrunken^ and dies in a few hours.’ 
(Letter from Dr. Speyer, lllioden.) 


Note io. Tnteeminglinc during the Fission of Unicellular 
Organisms h 

Fission is (piite symmcirical in Amoelae^ so that it is im possible 
to recognise mother and daughter in the two resulting organisms. 
But in TjitffljpJia and allied forms the existeruic of a shell 
introduces a distinguishing mark by which it is ])ossiblo to 
discriminate between the products of lission ; so that the ollspring 
can be diflerentiated from the parent. The parent organism, 
before division, builds the parts of the shell for the daughter form. 
These parts are arranged on the surface of that ])art of the ])roto- 
phism 5 external to the old shell, which will be subsecpiently se])a rated 
as the daughter-cell. On this ])art the s])icules are arranged and 
unite to form the new shell. The division of the nucleus takes 
place after that of the ])rotoplasm, so that the daughter-cell is for 
some time without a nucleus. Although we' can in this sjiecies 
recognise the daughter-cell for some time after separation Irom 
the parent by the greater trans]uu*encv of its younger shell, it is 
nevertheless impossible to admit that the characteristics of the tv'O 
animals are in any wa}^ different, for just before the separation of 
the two individuals a (‘irculation of the protoplasm through both 
shells takes place aft(T the manner described in the text, and 
there is therefore a complete intermingling of the substance of 
the two bodies. 

The difference between tlie products is even greater after trans- 
verse lission of the lufimria^ for a new anus must be ibrmed at 
the anterior part and a new mouth posteriorly. It is not known 
whether any circulation of the proto[)lasm takes place, as in Eu- 
glf/pJia. But even if this does not occur, there is no reason for 

^ Cf. August GruLer, ‘Der Theiluiigsvorgaiig Lei Euglyplia alveoLiia,’ and ‘Di» 
Theilung der mouothalainen Rhizopoden/ Z. f. W. Z., Bd. XXXV. and XXXV L, 
p. 104, 1881. 
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believing that tlie two products of division possess a different dura- 
tion of life. 

The jiroeoss of fission in the JHafomaceae seems to me to be 
theoreticjilly imporiant, because liere, as in the previously-mentioned 
Aloiioiliahima {EngJjpJia, etc.), tlie new silicious skelidon is built 
up witliin tlie ])nmnry ori»’anisni, l)ut not, as in I'^nglj/pha, for the 
new individual only, l)ut for botli parent and dau^-liter-eell alike 
If we compare tlie diatom sliell to a box, then the two halves of 
the old shell would form two lids, one for each of the jiroducts of 
fission, while a new box is built uj) afresh foi’ each of them. In 
this case there is an absolute e([uality between the products of 
fission, so far as the shell is concerned. 

Note i r. Reoenepatton. 

A number of expiuiments have beim recently underiaken, in 
connection with a prize thesis at Wurzburg’, in order to test the 
powers of re<>*eneration ])ossessed by various animals. .In all essen- 
tial res])eets the result, s confirm the statimicnts of the older 
observers, such as Spallanzani. Carrierc has also iiroved that 
snails can re^»’enerate not only their horns and eyes, but also part 
of the head when it has been cut off, althoui>‘h he has shown that 
Spallanzani’s old statement that they can re<’‘cncratc fbe whole 
head, including the nervous system, is erroneous 

Note 12. The Dueation of Life in Plants. 

The title of the work on this subject mentioned in the Text is 
‘ Die Lebensdauer und Yei»*efationsweise der l^flanzon, ihre IJrsache 
und ihre Entwicklung,’ ¥. Jlildebrand, Ihi^'ler’s botanische Jahr- 
biicher, Bd. II. i. und 2. Heft, Leipzig-, 1881. 

Note 13. 

[IVL-iny interesting facts and conclusions upon the subject of this 
essay will be found in a volume by Professor ¥. Ray .Lankester, 
‘ On comparative Longevity in Man and the lower Animals,’ Mac- 
millan and Co., 1870. — E. B. P.] 

* Cf. Victor Hensen, ‘ Pliysiologio d. Zeugung,’ p. 152. 

^ Cf. J. Carricre, ‘Ueber Regeneration bci Laudpulnionaten,’ Tagebl. der 52. 
Versammlg. deutseb. Naturf. pp. 225-226. 
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ON HEREDITY. 


P11EFAC15. 

The following* essay was my inaugural lecture as Pro-Rector of 
the University of Freiburg, and was delivered publicly in the ball 
of the University, on June i 8 (S 3 ; it first a])]ieared in print in 
the following August. Only a few copies of IpIic first edition were 
available for the ])ublic, and it is thcridbre now reprinted as a. siicond 
edition, which only differs from the first in a few not unimportant 
improvements and additions. 

The title which I have chosen requires some ex])lanation. 1 do 
not propose to treat of the whole problem of heredity, but only 
of a certain aspect of it— the transmission of acquired cliaracters 
which has been hitherto assumed to occur. In taking this course 
I may say that it was impossible to avoid going back to the 
foundation of all the plienomena, of heredity, and to determine the 
substance with which they must be connected. In m.y opinion 
this can only be the substance of the germ-cells ; and this sub- 
stance transfers its hereditary tendencies from gemvration fo g(;- 
neration, at first unchanged, and always uninllucnced in any corre- 
sponding manner, by that which hapjicns during the life of tlie 
individual which bears it. If these vi('ws, which are indicated 
rather than elaborated in this paper, be correct, all our ideas upon 
the transformation of species re([uire thorough modification, for the 
whole principle of evolution by means of exercise (use and disuse), 
as proposed by Lamarck, and accepted in some cases by Darwin, 
entirely collapses. 

The nature of the present paper — Avliich is a lecture and not 
an elaborate treatise — necessitates that only suggestions and not 
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an exhaustive treatment of the sn])ject could he given. I have also 
ahsiained from giving further details in the form of an appendix, 
chielly because I could hardly have attempted to complete a treat- 
ment of the wliolo range of the subject, and I hope to refer 
again to these questions in the future, when new experiments and 
observations have been made. 

I am very glad to sec that such an important authority as 
Pdiiger^ has in the meantime come to the same 0])inion, from an 
entirely different direction — an opinion which forms the founda- 
tion of the views here brought forward, namely, that heredity 
depends upon the continuity of the molecular substance of the 
germ from generation to generation. 

A. W. 

^ Pfliigcr, ‘TJelior den Einflnss dor iSchwerkraft aiif die Tlieilung der Zellen nnd 
auf die Kutvvickluiig des Embryo,’ Arch. f. Physiol. Bd. XXXIl. p. 68, 1883. 
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ON HEimDITY. 

With your permission I wisli to brine;* before you to-day my 
views on a problem of general biological interest — the problem of 
heredity. 

Heredity is the process which renders possible that persistence 
of organic lieings throughout successive generations, which is 
generally thought to be so \vcll undersi-ood and to need no special 
explanation. Nevertheless our minds cannot iliil to b(^ much p('r- 
plexcd by the muliipliciiy of its manitstations, and to be greatly 
puzzled as to its real naiaire. A. eelebraied (lennan ])hysiologist 
says^ ‘Although many hands have at all tinu's endeavoured to 
break the seal which hides tlfe theory of heri'dity (Vom our view, 
the results achieved have been but small ; and we an^ in a certjdn 
degree justified in looking with little lio])e u])on ne>v ellorts under- 
taken in this direction. We must nevertheless endeavour from 
time to time io a.»ceriain how far wc have advanced towards a 
complete explanation.^ 

Such a course is in every way advisable, for we are not dealing 
\yth phenomena which from their very nature are incoinprehonsible 
by man. The great complexity of the subject has alone rendered it 
hitherto insuperable, but in the ju’oviiuie of heredity wc certainly 
have not reached the limits of attainable knowledge. 

hrom this point of view heredity bears some resemblance to cer- 
tain anatomical and physiological problems, e. g*. the structure and 
function of the human brain. Its structure — with so many millions 
of ijerve-fibres and nerve-cells — is of such extraordinary complexity 
that we might well desjiair of ever completely understanding it. 
Each fibre is nevertheless distinct in itself, while its connection 
with the nearest nerve-cell can be frequently traced, and the function 
of many groups of cell elements is already known. Hut it would 
seem to be impossible to unravel the excessively complex network 
^ Victor Ileiisen in his ‘ Physiologic dcr Zengnng,’ Leipzig, i88i, p. 216. 
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into which the cells and fibres are knit tog’cther ; and hence to 
arrive at the function of each siii^le element appears to be also 
beyond onr reach. AVc have not however commenced to untie 
this Gordian knot without some hope of success, for who can say 
how far human perseverance may be al)lc to penetrate into tlie 
mechanism of tlie lirain, and to reveal a conneijted structure and 
a common princi])le in its countless elements? But surely this 
work will be most materially assisted by the simultaneous in- 
vesti^^ation of the structure and function of the nervous system in 
the lower forms of life — in the ])olypes and jelly-fish, worms and 
Crustacea.. In the same way we should not abandon the hope of 
arriving* at a satisfactory knowledj^-c of the processes of heredity, 
if we consider the simplest processes of the lower animals as well 
as the more complex jiroccsscs met with in ihe higher forms. 

The word heredity in its common acceptation, means that pro- 
perty of an organism by which its peculiar nature is transmitted to 
its descendants. Brom an eagle’s egg an eagle of the same species 
developes ; and not only arc the characteristics of the species 
transmiiitcd to the following generation, l)ut even the individual 
peculiarities. The olfs})ring resemble their parents among animals 
as well as among men. 

On what does this (common property of all organisms depend? 

Iliickel was probably the first to describe re])rt)duction as ‘an over- 
growth of the individual,’ and he attempted to explain heredity as a 
simple continuity of growth. This definition might bo considered 
as a play u])on words, l)ut it is more than this ; and such an inter- 
pretation rightly applied, points to the only path which, in my 
opinion, can lead to the comprcluMi sion of heredity. 

Unicellular organisms, such as llhizopoda and Infusoria, increase 
by means of fission. Ivaeh individual grows to a certain size, and 
then divides into two ])arts, wliicli are exacUy alike in size and 
structure, so that it is impossible to decide whether one of them 
is younger or older than the other. Hence in a certain sense these 
organisms possess immoitality : they can, it is true, be destroyed, 
but, if protected from a \iolent (I(‘ath, they would live on in- 
definitely, and would only from time to time reduce the size of 
their overgrown bodies by division. ]<]ach individual of any such 
unicellular species living on the earth to-day is far older than man- 
kind, and is almost as old as life itself. 
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those unicelUilsir oro'anisms we can to a certain extent 
understand why the olfsprin^*, l)ein<>- in fact a part of its parents, 
must therefore rcscmhle the hitter. Tlie (pioslion as to why the 
part sliould rcscmhle the wliolc leads us to a new prohlein, that of 
assimilation, which also awaits solution. It is, at any rate, an 
undouhtod fact that the ori>*anism possesses the power ortakini*’ up 
certain foreign substances, viz. food, and of converting them into 
the substance of its own body. 

Among these unicellular organisms, Jicrcdity depends upon the 
continuity of the individual during the continual increase of its 
body by means of assimilation. 

Ilut how is it with t,ho multicellular organisms which do not 
reproduce by means of simple division, and in which the whole 
body of the parent does not ])ass over into the ollspring? 

In such animals sexual re])roduction is the chief means of mul- 
tiplication. In no case has it always been completely wanting, 
and in the majority ol' cases it is the only hind of re]i)r{)du(;tion. 

in these animals the power ot' reproduction is connected with 
certain cells which, as germ-cells, may be contrasted with those 
wliich form the ivst of the body; for th(‘ Ibrmer iiave a totally 
dilfereiit role to ])lay; they arc without signili(*ancc for tlu^ life ot‘ 
the individual \ and yet they alone ])ossess the ])Owcr o(‘ preserving 
the species, hlach dl* them can, under certain conditions, devclopi^ 
into a complete organism of the same sj)ccies as the parent, with 
every individual ])eculiarity of the latUu* re])roduced more or less 
ccgnplctely. IIoav can such herediiary transmission oF the (diaracters 
of the jiarcnt take place ? how can a single reproductive cell repro- 
duce the whole body in all its dcdails ? 

Such a question could be easily answered if we were only con- 
cerned with the continuity of the substance of the reproductive colls 
IVom one generation to another ; for this can be demonstrated 
in some cases, and is very probable in all. In C(‘rtaiii insects 
the devclo])ment of the egg into the embryo, that is the segmen- 
tation of the egg, ]K‘g’ins with the s('paratioii of a f(‘w small cells 
from the main body of the egg. These are the re])roductivc cells, 
and at a later period they are taken into the interior of the 
animal and form its reproductive organs. Again, in ceriain 
small freshwater Crustacea [JJap/nudae) the future reproductive 

^ That is for the preservation of its life. 
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cells becoTTie distinct at a very early period, altlioug*li not quite 
at the bo^innin^ of segmentation, i. e. when the egg has divided 
into not more than thirty sesrments. Here also the cells which arc 
separated early form the reproductive organs of the animal. The 
separation of the reproductive cells from those of the body takes 
place at a stiill later period, viz. at the close of segmentation, in 
Sagitta — a pelagic free-swimming form. In Vertebrata they do 
not become distinct from the other cells of the body until the 
embryo is completely formed. Thus, as their develot)ment shows, 
a marked antithesis exists between the substance of the undying 
reproductive cells and that of the perishable body-cells. We 
cannot explain this I'act except by the supposition that each re- 
productive .cell potentially contains two kinds of substance, which 
at a variable time after the commencement of embryonic develop- 
ment, separate from one another, and finally produce two sharply 
contrasted groups of cells. 

It is evidently unimportant, as regards the question of heredity, 
whether this se])aration takes place early or late, inasmuch as the 
molecular constitution of the reproductive subslaiiee is deiermined 
before the beginning of development. In order to understand the 
growth and m ul tipi icai ion of cells, it must be conceded that all 
protoplasmic molecules possess the power of growing, that is of 
assimilating food, and of increasing by meaus^ of division. In the 
same manner the molecules of the reproductive proto])lasm, when 
well Tiourished, grow and increase without altering their peculiar 
nature, and without modifying the hereditary tendencies derived 
from the parents. It is therefore quite conceivable that the re- 
productive cells might separate from the somatic cells much later 
than in the examples mentioned above, without changing the 
hereditary tendencies of which they are the bearers. There may 
be in fact cases in which such separation does not lake place until 
after the animal is completely formed, and others, as I believe that 
I have shown in which it first arises one or more genera,tions 
later, viz. in the buds jiroduced by the ])arent. Here also there is 
no ground for the belief that the hereditary tendencies of the repro- 
ductive molecules are in any way changed by the length of time 
which elapses before their separation from the somatic molecules. 

' Compare Weismann, ^ Die Entstehiing der Sexualzellen bei den Hydromedusen,’ 
Jena, 1883. 
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And this theoretical deduction is confirmed by observation, for from 
the egg^ of a Medusa, produced by the Imddino' of a Polype, a 
Polype, in the first instance, and not a Medusa arises. Tlcre the 
molecules of the reproductive substance first formed part of the 
Polype, and later, part of the Medusa bud, and, althougj’h they 
separated from the somatic cells in the bud, they nevertheless 
always retain the tendency to developc into a Polype. 

AVc thus find that the reproduction of multicellular org^anisms is 
essentially similar to ihc (*orres})ondini>* process in unicellular forms ; 
for it consists in the continual division of the rejiroductive coll ; 
the only diirercnce beings that in the former ease ihc reproductive 
cell does not form the whole individual, for the latter is composed 
of the millions of somatic cells by which the reproductive cell is 
surrounded. The question, ‘How can a sing-le reproductive cell 
contain the !>'erm of a complete* and hiohly complex individual?’ 
must therefore bo re-stated more precisely in the following;’ form, 
‘How can the substance of the reproductive cells potentially con- 
tain the somatic substance with all its characteristic pro])ertics?’ 

The problem which this question suo*g;‘ests, becomes clearer when 
we emjdoy it for the exjdanation of a definite instance, such as the 
orig;in of multicellular from unicellular animals. There can be 
np dou])t that the former have orij>inated from the latter, and that 
the physiolog-ical ])rinciplc upon which such an origjan depended, is 
the principle of division of labour. In the course of the phyletic 
dcvelo])ment of the oro’anizi'd Avorld, it must have ha])pcncd that 
certain unicellular individuals did not separate from one another 
immediately after division, but lived together, at first as equivalent 
elements, each of which retained all the animal functions, including 
that of reproduction. The MagoiipJiaera plawila of J 1 iickol proves that 
such perfectly homogeneous cell-colonics exist even at the present 
day. Division of labour would produce a ditferentiation of the single 
cells in such a colony : thus certain cells would be sot a])art for ob- 
tairfing food and for locomotion, while certain other cells would be 
exclusively rc'productive. Tn this way colonies consisting of somatic 
and of reproductive cells must have arisen, and among these for 

' Tt is doubtful whether Mncfos^pliacra should be looked upon <as a. mature form; 
but nothing hinders us from believing that species Inavc lived, and are still living, in 
which the ciliated sphere hag licld ton-ether until the encystment, that is the re- 
jifoductioii, of the constituent single ctlls. 
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the first time death appeared. For in each case the somatic cells 
must have perished ait(ir a certain time, while the reproductive 
cells alone retained the immortality inherited from the Protozoa. 
We must now ask how it becomes possible that one kind of cell 
in such a colony can [)roduco the other kind by division ? Before 
the dilferentiation of the colony each cell always produced others 
similar to itself. JTow can the cells, after the nature of one part 
of the colony is chan<)^ed, have underi^one such changes in l/ieir 
nature that they can now produce more than one kind of cell? 

T\Vo theories can be brought forward to solve this problem. We 
may turn to the old and long since abandoned formal ivus, 

or ada])ting the name to modern times, to a ])hylctic force of 
development which causes the organism to change from time to 
time. This via a Irnjo or teleological force compels the organism to 
undergo new transformations without any reference to tlu^ (external 
conditions of life. This theory throws no light upon the numerous 
adaptations ^vhich are met with in every organism ; and it possesses 
no value as a scientific exjdanation. 

Another siqiposition is that fkc primary reproduciive cells arc 
influenced by the secondary c(‘lls of the colonv, which, by their 
adaptability to the external conditions of lile, have become somatic 
cells : t hat the latter give off minute partich'S which enlering into 
the JbrnK’r, cause such changes in their nature that at the next 
succeeding cell-division they arc compelled to break up into dissimilar 
parts. 

At first sight this hy])oihesis seems to be quite reasonable. Ibis 
not only conceivable that parficles might proceed from the somatic 
to the reproductive cells, but the very nutrition of the kilter at the 
expense of the former is a demonstration that such a passage 
actually takes jilace. But a closer examination I’eveals immimse 
difllculties. Tn the first ])lace, the molecules of the body devoured 
are never sinqily added to those of the fe(‘ding individual without 
underg*oing* any change, but as far as we know, they are really as- 
similated \ that is, (;onverl(‘d into the molecules of the latter. We 
cannot therefore gain much by assuming that a number of mole- 
cules can from the growing somatic cells into the growing 
reproductive cells, and can be deposited unchanged in the latter, so 

^ Or is an exception perhaps afforded by the nutritive cells of the egg, which 
occur ill many animals ? 
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that, at their next division, the molecules arc separated to become 
the somatic cells of the following generation. How can such a 
process be conceivable, when the colon}’’ becomes more complex, 
Avhen the number of somatic cells becomes so laro*e that they 
suiTOimd the reproductive cells with many layers, and anIicu at the 
same time by an increasing" division of labour a o*reat number of 
different tissues and cells arc produced, all of which must ori^-inatc 
(h 7i()vo from a single reju’oductivc cell ? blach of these various 
elements ^ must, ex InipoilieHl^ give up certain molecules to the re- 
productive colls ; hence those which arc in immediate contact with 
the latter would ol)viously possess an advantage over those which 
are more remote. If then any somatic ceil must send the same 
number of molecules to each re])roductive eelP, we are com])elled to 
suspend all known physical and pliysiologicjil concei)lions, and 
must make the entirely gratuitous assumption of an aflinity on the 
part of the molecules for the reproductive cells, l^lven if we admit 
the existence of this afliniiy, its origin and means of control remain 
perfectly unintelligible if we supposes that it has arisen from 
dififerentiation of the complete colony. An unknown controlling 
force must be added to this mysterious arrangement, in order to 
marshal the molecules which enter the roproducti ve cell in such a 
manner that their aiTangcmcnt corresponds with the order in 
which they must cnnh’gc as cells at a later period. In short, we 
become lost in unfounded hypotheses. 

It is well known that Darwin has attcm})ted to explain the 
pliQnomena of heredity by means of a hypothesis which corresi)onds 
to a consideral)Ic extent with that just described. If we substitute 
gemmulcs for molecules we have the fundamental idea of Darwin s 
provisional hypothesis of pangencsis. Particles of an excessively 
minute size are continually given off from all the cells of the body; 
these particles collect in the reproductive cells, and hence any 
change arising in the organism, at any time during its life, is rc])re- 
sented in the reproductive cell Darwin believed that he had by 
this means rendered the transmission of accpiired characters in- 
telligible, a conception which he held to be necessary in order to 

* Or more precisely, they must {^ive up as many molecules .as would correspond to 
the number of the kind of cell in question found in the inaturo organism. 

^ .See Darwin, *The Variation of Animals and Plants under Domestication,’ iSySt 
vol. ii. chapter xxvii. pp. .^49-399. 
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explain the development of species. lie himself pointed out that 
the hypothesis was merely ])ro visional, and that it was only an ex- 
pression of immediate, and by no means satisfactory knowledge of 
these phenomena. 

It is always dan^'crous to invoke some entirely new force in 
order to understand j)henomena which cannot be readily explained 
by the forces wliich arc already known. 

I believe that an ex])lanation can in this case be reached by an 
appeal to known forces, if wc suppose that characters acquired (in the 
true sense of the term) by the ])arcnt cannot appear in the course 
of the development of the olfsprino*, but tliat all the characters 
exhibited by the latter are due to ])rimary change's in the germ. 

Tills sujiposition can obviously be made with reg'ard to the 
above-mentioned colony with its constituent elements diifercntiated 
into somatic and reproductive cells. It is conceivable that the 
differentiation of the somatic cells was not primarily caused by a 
change in their own structure, but that it was ])repared for by 
changes in the molecular structure of the reproductive cell from 
whicli the colony arose. 

'^Jlic generally received idea assumes that changes in the external 
conditions can, in connection with natural selection, call forth per- 
sistent changes in an organism; and if this view be accepted it 
must be as true of all Metazoa as it is of itnicollular or of homo- 
geneous multicellular organisms. Supposing that the hypothe- 
tical colonies, which were at first entirely made u]) of similar cells, 
were to g’ain some advantages, if in the course of development, ,the 
molecules of the reproductive cells, from which each colony arose 
became distributed irregularly in the resulting organism, there 
would be a tendency towards the perpetuation of such a change, 
wherever it appeared as the result of individual variability. As a 
result of this change the colony would no longer remain homo- 
geneous, and its cells would become dissimilar from the first, 
because of the altered arrangement of the molecules in the yepro- 
ductive cells. Nothing prevents us from assuming that, at the 
same time, the nature of a part of the molecule may undergo still 
further change, for the molecules are by nature complex, and may 
sjdit up or combine together. 

If then the reproductive cells have undergone such changes that 
they can produce a heterogeneous colony as the result of continual 
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division, it follows that succeedin<^ g^oncrations must behave in 
exactly the same manner, for eaeli of them is developed from a 
portion of the reproductive cell from which tl\c i)revious o'cneration 
arose, and consists of the same reproductive substance as the 
latter. 

From this point of view the exact manner in wliicli we imagine 
the subse(|iient ditferentiation of the colony to be potentially pre- 
sent in the reproductive cell, becomes a matter of comparatively 
small importance. It may consist in a dilfcrent molecular arrange- 
ment, or in some change of chemical constitution, or it may be due 
to both these causes combined. The essential ])oint is tliat the dif- 
ferentiation was originally due to some change in the reproductive 
cells, just as this chang*e itself ju'oduces all the ditrereutiations which 
appear in the ontogeny of all sj)ccies at the present day. No one 
doubts that the reason why this or that form of segmentation takes 
})hice, or why this or that species finally appears, is to bo found in 
the ultimate structure of the reproductive ci'lls. And, as a matter of 
fact, molecular dilferentiation and groujiing, whether jiresent from 
the beginning or lirst apjiearing in th(‘ course of development, 
plays a role which can be almost directly observed in certain 
species, 'l^he first segmentation furro^v divides the egg of such 
species into an opacpic and a clear half, or, as is often the case 
among Medusae, iAto a granular outer layer and a clear central 
part, corresponding respectively with the ectoderm and endodorm 
which are formed at a later period. Such early dilferentiations are 
(July the visible proofs of certain highly complex molecular re- 
arrangements in the cells, and the fact appears to indicate that we 
cannot be far wrong in maintaining that dilferentiations which 
appear in the course of ontogeny depend upon the chemical and 
physical constitution of the molecules in the reproductive c(‘ll. 

At the first appearance of the earliest Metazoa alluded to above, 
only two kinds of cells, somatic and reproductive, arose fj'om the 
segmentation of the reproductive cell. The reproductive cells thus 
formed must have jjossessed exactly the vsame molecular structure 
as the mother reproductive cell, and would therefore i)ass through 
precisely the same developmental changes. We can easily imagine 
that all the succeeding stages in the development of the Metazoa 
have been due to the same causes which were efficient at the 
earliest period. Variations in the molecular structure of the 
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reproductive cells would continue to appear, and these would be 
increased and rendered permanent by means of natural selection, 
when ilicir results, in the alteration of certain cells in the body, 
were advantao*eous to the s])ecies. The only condition necessary 
for the transmission of such changes is that a part of the repro- 
ductive substance (the ^•erm-])lasm)shoukl always remain unchanged 
during se^*mentation and the subse(|ucnt building’ iij) of the body, 
or in other words, that such unchan<»'ed substance should j)ass into 
the organism, and after the lapse of a variable ]>eriod, should reappear 
as the re])roductive cells. Only in tins way can we render to some 
extent intelligible the transmission of those ebani^es which have 
arisen in the pliyloi>‘eny of the species ; onl\" thus can we imagine 
the manner in which the first somatic cells gnadually developed 
in numbers and in comjdexity. 

It is only by supposing* that these chang*es arose from molecular 
alterations in the reproductive cell that we can understand bow the 
reproductive cells of the next g-eneration can originate the same 
ebanges in the cells which are developed from them ; and it is 
impossible to imagine any way in wliich the transmission of changes, 
j)roduccd by tlui direct action of external forces upon the somatic 
cells, can be l.)rougbt about b 

^riic dilliculty or the impossibility of rendering the transmission 
of ac(piired characters intelligible by an appeaHjO any known force 
has been often felt, but no one has hitherto attempted to cast douldiS 
u])on the very exist ence of such a form oJ' heredity. 

There are tw o reasons for this : first, observations have been 
recorded wdiich appear to prove the existence of such transmission ; 
and secondly, it has seemed impossible to do wdthout the supposition 
of the transmission of acipiired characters, because it has always 
played such an important ])art in the explanation of the trans- 
formation of species. 

It is perfectly right to defer an explanation, and to hesitate 

^ To this class of phenomena of course belong tliose acts of will which call forth 
the functional activity of certain groups of cells. It is quite clear that such im- 
pulses do not originate in the constitution of the tissue in question, hut are due to tlie 
operation of external causes. The activity does not arise directly from any natural 
disposition of the germ, but is the result of accidental external impressions. A 
domesticated duck uses its legs in a dilferent manner from, and more frequently than 
a wild duck, but such functional changes are the consequence of changed external 
conditions, and are not due to the constitution of the germ. 
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before we declare a supposed plieuomenon to bo impossible, because 
we are unable to refer it to any of the known Ibrces. No one can 
believe that we are actpiaintod with all the forces of nature. Ibit, 
on the other hand, we must use the greatest caution in dcalin<^ 
with unknown forces; and clear and indubitable f;ict,s must bo 
brought forward to prove that the supposed phenomena have a real 
existence, and that their acceptance is unavoidable. 

It has never been proved that acquired cluiractcrs arc trans- 
mitted, and it has never been demonstrated that, without the aid 
of such transmission, the evolution of the organic world becomes 
unintelligible. 

Ihe inheritance of acquired characters has never been proved, 
either by means of dircH^t ol>servation or liy experiment b It must 
bo admitted that tlierc' are in existence nunuTOus dcseriplions of 
cases which tend to prove that such mutilations as the loss of 
fingers, the scars ol‘ wounds, etc., are inherit(‘d by ilu^ offspring, 
but in these descriptions the ])revious history is invariably obscure, 
and hence the evidence loses all scientilic value. 

As a typical exam])lc of the scientific value of such eases T may 
mention the liecpieutily (pioted instance of the cow, which lost its 
left horn from suppuration, induced by some ‘ unknown cause,’ and 
which afterwards 2)i‘oduoed two calves with a rudimentaiy left liorn 
in each case. Eut as TTensen- has rightly nunarked, the loss of 
tlie cow’s horn may have arisen from a congenital malformation, 
which would certiainly be transmitted, but which was not an ac- 
quii^d character. 

The only cases \vorthy of scientific discussion are the well-known 
exj)criments upon guinea-pigs, conducted by tiie Inmch physiologist 
Ih’own-Sequard. Eut the explanation of his results is, in my 
opinion, open to discussion. In these cases we have to do m\h 
the ap])arent transmission of artificially produced malformations. 
The division of important nerves, or of the spinal cord, or the 
• 

^ Uj)on tills subject Pfliigor states — ‘J liave made myself accurately ac(j[uaintc(l 
with all facts which are supposed to prove the iiih(;ritaiice of ac(|uire<l characters, — • 
that is of characters which are not due to the peculiar organ i/ati on of the ovum and 
spermatozoon from which the individual is formed, Imt wliicli follow from the in- 
cidence of accidental external influences upon the organism at any time in its life. 
Not one of these facts cun be accepted as a proof of the transmission of acquired 
characters.’ 1. c. p. 68. 

^ ‘ Physiologie der Zeugung.* 
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removal of parts of the brain, produced certain symptoms which 
reaj)pcarcd in tlio descendants of the mutilated animals. Epilepsy 
was produced by dividiiii^ the <*Teat sciatic nerve ; the oar became 
deformed when the sympathetic nerve was severed in the throat ; 
and prolapsus of the eye-ball followed the removal of a certain 
part of the brain — the corpora restiformia. All these effects were 
said to be transmitted to the descendants as far as the fifth or sixth 
generation. 

But we must inquire whether tlicso cases are really due to licre- 
dity and not to simple infection. In the case of einlepsy, at 
any rate, it is easy to imagine that the jjassage of some specific 
organism through file rc])roductivc cells may take place, as in 
the case of syphilis. We are, however, entirely ignorant of the 
nai.ure of the former disease. This suggested exjdanation may 
not perhaps apply to the other cases : but wc must remember that 
animals which have been subjecf.cd to such severe operations upon 
the nervous system have susi-ained a great shock, ajid if they 
are capable o(' breeding, it is only ju'obable that they will produce 
weak des(jcndants, and such as are easily alfeci^ed l)y disease. Such 
a result does not however explain why the ollspring should sufler 
from the same disease as that which was artificially induced. in 
the ])arents. But this does not app(‘ar to have been by any means 
invariably the ease. Browii-Sequard himseff says, ‘ The changes 
in the eye of the ofrs[)ring were of a very variable nature, and 
wore only occasionally exactly similar to those observed in the 
parents.’ , 

There is no doubt, however, that these experiments demand 
careful consideration, but before they can claim scientilic recogni- 
tion, they must be subjected to rigid criticism as to the in’ecautions 
taken, the number and nature of the control experiments, etc. 

Up to the present time such necessary conditions have not been 
sufficiently observed. The recent experiments themselves are only 
described in short preliminary notices, which, as regards their accu- 
racy, the possibility of mistake, the precautions tak('n, and the exact 
succession of individuals affected, afford no data upon which a 
scientific opinion can be founded. Until the })ublication of a com- 
plete series of experiments, wc must say with Du Bois Beymond 
‘ The hereditary transmission of acquired characters remains an 

' See ‘Ueber die Uebuug,’ Eerlin, iSSi. 
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iinintellii^il)lc hypotbcsis, wliich is only dcdiiecd from the facts 
whicli it attem})ts to cx])lain/ 

AA’e i.liei-eCore naturally ask wlieihor the hypothesis is really 
necessary for the explanation of known facts. 

At the lirst si<>‘lit it ceri-ainly seems to be necessary, and it 
appears rash to attempt to dispcaise with its aid. Many phenomena 
only appear to be intelli^dble if we assume the hereditary trans- 
mission of sucli acfpiired eharaeters as ihc ehan^*es which wo 
ascribe to the use or disuse of particular or^^ans, or to the direct 
inlluence of climate. Furthermore, how can we explain instinct 
as hereditary habit unless it has i^Tadually arisen by the accumula- 
tion, throuiiii heredity, of habits which wore i)ractised in succeeding 
generations ? 

I will now atteni])t to prove that even these eases, so far as they 
depend upon clear and indubitable (acts, do not force us to accept 
the suj)position of the transmission ofacMpiired cliaraeters. 

It secmis dilficult and well nigh impossibh^ to deny the transmis- 
sion of ac(piired charaet.iu's when we rdiiember the inlluence which 
use and disuse have exercised u})on certain S])ecial organs. It is 
w(‘ll known that Lamarck attempt'd to explain tike structure of 
the organism as almost entirely due to this principle alone. Accord- 
ing to his theoiy tlui long neck of th(‘ giralle arose by constant 
stret clung after the leaves of trees, and tlie web between the toes 
of a water-bird’s foot by the extension of the toes, in an attempt 
to 0])[)ose as large a surfat'c of wat.(T as j)ossil)le in swimming. There 
car^ be no doubt that those muscl(‘s whi(!h ar(‘ rr(‘([uently used 
increase in size and strength, and that glands which ol'ten enter 
into activity become larger and not smaller, and that their func- 
tional pownu’s increase. Indeed, the whole edi'ct which exercise 
])roduces uj)on the single paihs of the body is d(‘])endent uj)on the 
fact that jre([uently used organs imn-ease in strength. This con- 
clusion also refers to the nervous system, foi‘ a pianist who ])er- 
formi^with lightning ra])idity certain ])rc-aiTanged, highly complex, 
and combined movcnricnts of the mus(d(‘s of his hands and lingers 
has, as Du Lois Reymond ])ointed out, not only exorcised the 
muscles, but also those ganglionic centres of the brain which deter- 
mine the combination of muscular movement. Other functions 
of the brain, such as memory, can be similarly increased and 
strengthened by exercise, and tlic question to be settled is whether 


r. nL 
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characters acquired in this way by exercise and practice can be 
transmitted to the following* generations. Lamarck’s theory 
assumes that such transmission takes place, for without it no 
accumulation or increase of the characters in question would be 
possible, as a result of their exercise during any number of successive 
generations. 

Against this wa may urge tliat whenever, in the course of 
natur(‘, an organ b(‘cotnos stronger by exercise, it must possess a 
certain degree of im])ortanec for the life of the individual, and when 
this is the case it becomes subject to improvement by natural 
selection, for only those individuals which possess the organ in its 
most perfect form will be able to rcjuoduce them. The perfection 
of form of an organ does not how^ever depend upon the amount 
of (‘xercise imdergonc ])y it during the life of the organism, but 
primarily and principally upon the fact that the germ from which 
the individual arose was ])rcdisposcd to produce a perfect organ, 
^.riie incrc'ase to \\’hi<di any organ can attain by exercise during a 
single life is bounded by certain limits, which are themselves lixed 
l)y the ])rimary teiuhaicics of the organ in quesiaon. We cannot 
by excessive leeding make a giant out of the germ destined to 
Ibrm a dw^arf ; ^ve cannot, by means of exercise, transform the 
musch’s of an individual destined to bo feeble into those of a 
Hercules, or the brain of a predestined fool into that of a Leibnitz 
or a Kant, by means of much thinking. With the same amount 
of exercise the organ Avhich is destined to bo strong, will attain 
a higher degree of functional activit^y thari one that is destined to 
be weak. Hence natural selection, in destroying the least fitted 
individuals, destroys those which from the germ w(‘rc f(?ebly dis- 
posed. Thus the result of exercise during the individual life does 
not acquire so much importance, for, as comj)arcd with differences 
in predisposition, the amount of exercise undergone by all the 
individuals of a species becomes relatively uniform. The increase 
of an organ in the course of generations does not depend .upon 
the summation of the exercise taken during single lives, but 
upon the summation of more favourable predispositions in the 
germs. 

In criticizing these arguments, it may be questioned whether the 
single individuals of a species which is undergoing modification do, 
as a matter of fact, exercise themselves in the same manner and to 
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tlie same extent. But the consideration of a detinile example 
clearly shows that this must he the case. When the wild duck 
became domesticated, and lived in a farm-yard, all ihe individuals 
wore compelled to walk and stand more than Ihcy had done 
previously, and the muscles of the leci's were used io a. correspond- 
ini^ly oToatc'i’ dei'Too. The same thini,*' happens in the wild state, 
when any change in the conditions of life compels an organ to be 
more largely used. No individual will be able to entiivly avoid 
this extra use, and (‘aeh will endeavour to iieeommodate itselT io 
the new conditions according io its ])ower. The amount of this 
power depends u])on the ju-edisposition of the g('rm ; and natural 
selection, while it api)arcntly decides l)etween individuals of various 
degrees of strength, is in truth operating \ipon ihe stronger and 
weaker germs. 

But the very conclusions which have been drawn from the 
increase of activity which has arisen from ex(‘rcise, must also be 
drawn from the instances of atrophy or degenerai ion following from 
the disuse of organs. 

Darwin long ago called attention to the fact that the deg(‘nerat ion 
of an organ Jiiay, under certain circumstance's, be bcnelicial to the 
species. Tor exam])le, he first proved in tlu' instance of Madeira, 
that the loss of w'ings maybe of advantage io many beetles inhabit- 
ing oce'juiic islands. *The Individuals with im])errectly developed or 
atrophie'd wings have an advantage, b(H*ause they are not carried 
out to sea by the IVeepient winds. The small ewe'S, buried in fur, 
pof^essed ly moles and oiher subterranean nnunmals, can be similarly 
explained by means of natural sch'ciion. 8o also, ihe complete dis- 
appearance of the limbs of snakes is (evidently a rc'al advaniage to 
animals wdiich crec']) ihroiigh narrow^ holes and ch'firS ; and ihe (hi- 
geiKU’ation of the wings in the osirich and penguin is, in })art, 
explicable as a favourable modification of the organ of llight into 
an organ for striking air or water respeciively. 

Blit when tlm deg-eneration of disused oigans coiifia's no benefits 
upon the individual, the explanation l)ecom(‘s h'ss simple. Thus 
we find that the eyes of animals which inhabit dark caves (such 
as insects, cra])S, fish, Amjdiibia, etc.) have umh'rgone degeneration ; 
yet this can hardly be of direct advantage to the animals, for they 
could live quite as well in the dark with well-devclo[)ed eyes. ]kt 
wo arc here brought into contact with a very important aspect of 
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natural selection, viz. the power of conservation exerted by it. 
Not only does the survival of the fittest select the best, but it also 
maintains it ^ The stmi^^lc for existence does nbt cease with the 
foundation of a new specific type, or with some perfect adaptation 
to the external or internal conditions of life, but it becomes, on the 
contrary, even more severe, so that the most minute differences of 
structure determine the issue between life and death. 

The sharpest si^dit i)osscssed by birds is found in birds of prey, 
but if one of them entered the world with eyes rather below 
the average in this respect, it could not, in the long run, escape 
death from hunger, because it would always be at a disadvantage as 
compared with others. 

Hence the sharp sight of these birds is maintained by means of 
the continued operation of natural selection, by which the indi- 
viduals with the weakest sight are being continually exterminated. 
Eut all this would be changed at once, if a bird of prey of a certain 
species were compelled to live in absolute darkness. The quality of 
the eyes would then be immaterial, for it could make no difference 
to the existence of the individual, or the maintenance of the species. 
The sharp sight might, perhaps, be transmitted through numerous 
generations ; but when weaker eyes arose from time to time, these 
would also be transmitted, for even very short-sighted or imperfect 
eyes would bring no disadvantage to their owner. Hence, by con- 
tinual crossing between individuals with the most varied degrees 
of perfection in this respect, the average of perfection would gradu- 
ally decline from the point attained before the species lived in the 
dark. 

We do not at present know of any bird living in perfect 
darkness, and it is improbable that such a bird will ever be found ; 
but we arc acquainted with blind fish and Amphibia, and among 
these the eyes are present it is true, but they arc small and hidden 
under the skin. I think it is difficult to reconcile the facts of the 
case with the ordinary theory that the eyes of these animals have 
simply degenerated through disuse. If disuse were able to bring 
about the complete atrophy of an organ, it follows that every trace 
of it would be effaced. We know that, as a matter of fact, the 
olfactory organ of the frog completely degenerates when the olfactory 

^ This principle was, I believe, first pointed out by Seidlitz. Compare Seidlitz, 
* Die Darwin’sehe Theorie,’ Leipzig, 1875, p. 19S. 
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nerve is divided ; and that s^rcat degeneration of the eye may be 
brought about by the artificial destmetion of tlic optic centre in 
the brain. Since, therefore, the effects of disuse nrc so striking in 
a single life, we should certainly expect, if such effects can be trans- 
mitted, that all traces of an eye would soon disappear from a species 
which lives in the dark. 

The caverns in Carniola and Carinthia, in which the blind Proteus 
and so many other blind animals live, belong geologically to the 
Jurassic formation ; and although we do not exactly know when for 
exam})le the Proteus first entered them, the low organization of this 
am])hibian certainly indicates that it lias been sheltered there for 
a very long period of time, and that thousands of generations of 
this species have succeeded one another in the caves. 

Hence there is no reason to wonder at the extent to which the 
degeneraiion of the eye has been already carried in the Proteus ; 
even if we assume that it is merely due to the cessation of the 
conserving influence of natural selection. 

But it is unnecessary to depend \ipon fhis assumpi.ion alone, for 
when a useless organ degenerates, there arc also other factors which 
demand consideration, namely, the higher development of other 
organs which compensate for the loss of the degenerating structure, 
or the increase in size of adjacent parts. If these newer develop- 
ments are of advanti^ge to the species, they finally come to take 
the place of the organ which natural selection has failed to 
preserve at its point of highest perfection. 

^n the first place, a certain form of correlation, which Roux^ 
calls ‘the struggle of the Iffc organism,’ plays a most, 

important part. Cases of atro])hy, following disuse, appear to be 
always attended by a corresponding increase of other organs : blind 
animals always possess very strongly developed organs of touch, 
hearing, and smell, and the degeneraiion of the wing-muscles of 
the osti’ich is accompanied by a great increase in tlie strength of 
the Qiuscles of the leg. If the average amount of food which an 
animal can assimilate every day remains constant for a considerable 
time, it follows that a strong influx towards one organ must be 
accompanied by a drain upon others, and this tendency will increase, 
from generation to generation, in proportion to the development of 


W. Roux, ‘ Dei* Kanipf dor Tbeile im Organismus,’ Leipzig, i88i. 
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the iG^vowinj^ or^an, which is favoured by natural selection in its 
increased blood-supply, etc. ; while the operation of natural selection 
has also determined the origan which can hear a corresj)ondin^ loss 
without detriment to the orj^anism as a w hole. 

Without the 0])cration of natural selection upon different indi- 
viduals, the stru<>-^‘lo between the organs of a single individual 
would be unable to encourage a predisposition in the germ tow^ards 
the degeneration or non-development of a useless organ, and it 
could only limit and degrade the development of an organ in the 
lifetime of tlie individual. Tf, therefore, accpiired characters are not 
transmitted, the disposition to deveiope such an organ would be 
jiresent in tlie same d('grce in each successive generation, alihoiigh 
the reali/ation w^udd be less perfect. The coiujdete disappearance 
of a, rudimentary organ can only take place by the operation of 
natural selection ; tliis principle will lead to its elimination, inas- 
much as the disappearing sf.ructui’c takes the place and tlic nutriment 
of other useful and important organs. TTence the ])rocess of natural 
selecfion tends lo entirely remove the former. The predisj)osition 
tow'ards a weaker development of t-he oi'gaii is thus advantageous, 
and there is every reason for the belief that iJie advantages would 
continue to bo gained, and that therefore the processes of natural 
selection would remain in operation, until the germ had entirely 
lost all tcndc'ucy towards the dcvclo})ment of the organ in ([uestion. 
The extnune slowness with which this ])rocess takes })lace, and the 
extraordinary i)crsistencc of indimcntary organs, at any rate in 
the embryo, together with their gradual but finally com[detc dis- 
appearance, can be clearly seen in the limbs of certain vertebrates 
and arthro])ods. The blind-worms have no lim])s, but a rudi- 
mentary shoulder-girdle is present close under the skin, and the 
interesting foct has been (piite recently established ^ that the fore- 
limbs arc ])resciit in the embryo in the form of short stumps, which 
entirely disappear at a later stage. In most snakes all traces of 
limbs have been lost in the adult, but we do not yet know for 
certain whether they arc also wanting in the embryo. I might 
further mention the very different stages of degeneration witnessed 
in the limbs of various salamanders ; and the anterior limbs of 
Hesperorms — the remarkable toothed bird from the cretaceous rocks 


^ Compare Horn in ‘Zoolog. Anzeiger,’ 18S3, No. 150, p. 537. 
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— which, according to Marsli consists only of ii very thin {ind 
relatively small humerus, which was probably concealed beneath the 
skin. The water-fleas [DapJtnidae) possess in i.he embryonic state 
three complete and almost ecpial pairs of jaws, but two of these 
entirely disappear, and do not develo})e into jaws in any s]H'cies. 
In the same way, the embryo of tlie maggot-like legh'ss larva of 
bees and wasps possesses three pairs of ancestral limbs. 

There are, however, cases in which, apparently, ac(|ui red variations 
of characters are transmitted without natural selection j[)laying any 
active part in the change. Such a case is afforded by the short- 
sightedness so common \n civilized nations. 

This affection is certainly hereditary in some cases, and it may 
well have been explained as an cxam])le of the transmission of 
ac(piired changes. Jt has been argued l.hat ac(|uired short-sight ed- 
iK^ss can be in a slight degree transmitt(Ml, and that each successive 
generation has developed a further degree of' the disease by habitu- 
ally holding books etc. close f.o the eyes, so that the inborn pre- 
disposition to short-sightedness is continually a(*cumulating. 

But we must remcmb(T that variations in the refcuition of the 
human eye have been for a long time inde])endent of the ])re- 
serving control of natural selection. In the struggle for existenc(', 
a blind .man would certainly disappear before those endowed with 
sight, but myopia, dfies not j)i’ev(mt any one I’rom gaining a living. 

A short-sighted lynx, luiwk, or gaz(dle, or even a short-sighted 
Indian, nould be eliminat(‘d by natural selection, but a short-sighted 
European of the higher class finds no difliculty in earning his 
bread. 

Those fluctuations on cither side of the average which we call 
myopia and hyp(Tmctro])ia, occur in the same manncT, and are due to 
the same causes, as those which operate in producing degeneration in 
the eyes of cave-dwelling animals. Jf, therefore, we not infrequently 
meet with families in which myopia is hereditary, such n'sults may 
be attributed to the transmission of an accidental disposition on the 
part of the germ, instead of to the transmission of acquired short- 
sightedness. A very large proportion of short-sighted j)eople do 
not owe their affliction to inlicritance at all, but have actpiircd it 
for themselves ; for there is no douht that a normal eye may be 

^ 0 . C. ]\rarsh, ‘ OdontornitheFi, a Mono^TOpli on the extinct toothed Birds of 
North America,’ Washington, 1880. 



90 


ON HEREDITY. 


rendered myopic in the course of a life-time by continually looking 
at obj'ccts from a very short distance, even when no hereditary 
predisposition towards the disease can be shown to exist. Such a 
clian<>‘0 would of course a])])car more readily if there was also a 
correspond in o* prcdis])osition on the part of the eye. But I should 
not explain this widc^ly spread ])redisposition towards myopia as 
due to the transmission of accpiirt'd short-sightedness, but to the 
g^reater variabiliiy of the eye, which necessarily results from the 
cessation of the controlling* influence of natural selection. 

This susp(‘nsion of tlie ]>rcsorving* inilucnce of natural selection 
may be t(M’nu‘d for all individuals can reproduce i-hem- 

selves and thus stamp tluar characters u])on the species, and not 
only those which are in all res])ects, or in respect to some single organ, 

■ the iittcsiu In my opinion, the greater number of those variations 
which are usually attributed to the direct influence of external 
condifions of' life, are to be ascribed to panmixia. For example, the 
great variability of most domesticated animals essentially depends 
upon this ])rinciple. 

A goose or a duck must j)ossess strong powers of flight in the 
natural state, but siuh ])0W(‘rs are no longer necessary i'or obtaining 
food when it is brought into the poultry -yard, so that a rigid seh'C- 
tion of individuals wit h w(‘ll -developed wings, at on(;e c(‘ases among 
its d('S(iondants. I fence in the course of generations, a deh'rioration 
of the organs of flight must necessarily ensue, and the other 
members and organs of the bird will be similarly affected. 

'^Ihis exam])le very clearly indicates that the degeneration ol an 
organ does not depend upon its disuse ; lor although our domestic 
])0idiiry very rarely make use of their wings, the muscles of flight 
have not disap[)eared, and, at any ra.tc in the goose, do not seem 
to have undergone any marked degeneration. 

The numerous and ('xact observations conducted by Darwin 
upon th(i weight and measurement of the bones in domestic fowls, 
seem to me to possess a significance beyond tliat which he attributed 
to them. 

Jf the weight of the ^ving-bonos of the domestic duck bears 
a smaller proportion to the weight of the leg-bones than in the 
wild duck, and if, as Darwin rightly, assumes, this deiiends not 
only upon the diminution of the wings, but also upon the increase 
of the legs, it by no means follows that this latter increase in 
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organs ^vllicll are now more frequently used, is dependent upon 
hereditary influences alone. 

It is quite possible that it depends, on the one hand, upon the 
suspension of natural selection, or panmixia (and ilu'se ellec'ts would 
1)0 transmitted), and on the other hand uj)on tlie direct inlliiencc 
of increased use du”in<»‘ the course of a sin^-h' Hie. \V(‘ do not 
yet know with any accuracy, the amount of (dian^’e which may he 
])r()duccd hy increased use in the course of a sin i^’le life. If it is 
desired to prove that use and disuse produce heredilarv (dfeets 
without the assist a rice of natural selection, ii< will he necessary to 
domesticate wild animals (for exanqile the wild duck) and jireservc 
all their descendanis, thus excludini** the o])erjition ol' natural sdec- 
tion. If then all individuals of the second, third, fourth aiul later 
o'omu’ations of thesis tame ducks jiossess identical variations, which 
increase ifom <>Tneration to i>*en(‘ration, and it' the nature of these 
chano'cs proves that they must have been due to the elfect of use 
or disuses, then pinhajis the transmission of such I'lfeets may he 
admitted; hut it must always he remembered that domesticaiion 
its(df’ iniluences the or^’anism, — not. only dir('ctl}^ ]>ut also indirectly, 
by the increase of variability as a result of the susjx'nsion ol* natural 
selection. Such ex])eriments have not yet been carried out in 
suflicient detail h 

It is usually ('onsiclen’d that the orii»‘in and variai.ion ot* instincts 
are also dejiendent iqion the exercise of certain o^oups of muscles and 
nerves durino’ a sin^'le life-time; and that the i>Tadual im])rove- 
nnjnt which is thus caused by ])ractice, is accumulated by hereditary 
transmission. I believe that this is an entirely erroneous view, 
and T hold that all instinct is entirely due to the oi)eration of natural 
selection, and has its foundation, not upon inherit(‘d experieiujes, 
but upon the variations of the <>erni. 

Why, for instance, should not the instinct to lly from enemies 
have arisen by the survival of those individuals which are naturally 
timi^l and easily stjirtled, together with the (‘xtermination of those 
which are unwary? It may be urged in op])osilion to this explana- 
tion that the birds of uninhabited islands which are not at iirst 
shy of man, acquire in a few generations an instinctive dread of 
him, an instinct wdiich cannot have ariscui in so short a time 


' C. Darwin, ‘Variation of AnimaD and Plants under Domestication.’ Vol. I. 
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by means of natural selection. Eut in this case are we really 
dealing with the orii>*in of a new instinct, or only with the addition 
of one new perception (‘ Wahrnehmuno*/ Schneider) of the same 
kind as those which incite to the instinct of lli^*ht — an instinct 
which had been ])reviously developed in past ac^es but had never 
been called forth hy man ? Ag'ain, has any one ascertained whether 
the young* birds of the second or third g*eneration are frightened 
by man? May it not be tliat the experience of a single life-time 
])lays a great part in the origin of the habit ? For my part, I am 
inclined to believe that the habit of Hying from man is developed 
in the first generation which encounters him as a foc "^. We see 
how wary and cautious a flock of birds become as soon as a few 
shots have been fired at them, and yet shortly before this occur- 
rence they were pcrliajis playing carelessly close to the s})ortsmen. 
Intelligence ])lays a considerable part in the life of liirds, and 
it by no means follows that the transmission of individual habits 
explains the above-mentioned phenomena. The long-continued 
o])eration of natural selection may very w(dl have been necc^ssary 
before the porcc[)tion of man could awake the instinct to flee in 
young, inexj)erienced birds. Unfortunately the observations upon 
these points are far too indefinite to enable us to draw conclusions... 

There is again tlie free piently -quoted inslance of the young 
pointer, ‘which, untrained, and without any example which might 
have been imitated, pointed at a lizard in a subtropical jungle, just 
as many of its forefathers had jiointed at partridges on the plain of 
St. Denis,’ and which, without knowing* the effect of a shot, sprang 
forward barking, at, the first discharge, to bring in the game. This 
conduct must not be attributed to the inheritance of any mental 
picture, such as the effect of a shot, but to the inheritance of a 
certain reflex mechanism. The young pointer does not spring 
forward at the shot l)ccause he has inherited from his forefathers a 

^ Compare ‘ Der tliierisclic W'ille,’ Lcipzii^, 1880. 

^ Stollor’s interesting account of the Sea-cow {Ji/n/fina S(rUcri) proves tliat tliis 
suggestion is valid. This large iiiamm.al was living in great numbers in Behring 
Strait at the end of the last ceiiturj^ but has since been entirely exterminated by 
man. Steller. who was compelled ]>y sliipwreck to remain in the locality for a whole 
year, tells us that the animals were at first without any fear of man, so that they 
could be ai)proached in boats and could thus be killed. After a few months how- 
ever the survivors became wary, and did not allow Steller’s men to approach them, 
so that they were difficult to catch. — A. W., i888. 
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certain association of ideas, — shot and game, — hut because he has 
inherited a reflex mechanism, wliich impels him to start forward 
on liearing a report. We cannot vet determine without more ex- 
periments how such an impulse due to perception (‘ Walirnehmiing- 
stricb,’ Schneider) has arisen ; but, in my opinion, it is almost in- 
conceivable tliat artificial breeding has had notliing to do witli it ; 
and that we are here concerned — not with tlic inheritance of the 
effects of training — but witli some pre-disposition on tlie part of the 
germ, which has been increased by artificial selection. 

The necessity for extreme caution in appealing to the supposed 
hereditary effects of use, is well shown in the case of those 
numerous instinct.s, which only come into play once in a life- 
time, and which do not therefore admit of im])rovement by practice. 
The (pieen-bee lakes her nuptial flight only once, and yet how 
many and complex are the instincts and the reflex nu’chanisms 
which come into ])lay on that occasion. Again, in many insects 
the deposition of eggs 0(*curs but once in a life-time, and yet 
such insects always fulfil the necessary conditions with unfailing 
accurae.y, either simply dro])ping the eg*gs into water, or cai’cf'ully 
fixing them on the surface of the earth beneath some stone, or 
laying them on a jiarticular part of a certain s])ecies of })lant ; and 
in all these cases i-lie most complicated actions arc performed. It 
is indeed astonishing to watch one of the Cijnljudae [Illiodiies 
Tosac) depositing her eggs in the tissue of a young bud. She first 
carefully examines the bud on all sides, and feels it Avith her legs 
an^l antennae. Then she slowly inserts her long ovipositor between 
the closely-rolled leaves of the bud, but if it does not reach exactly 
the right spot, she will withdraw and re-insert it many times, unfil 
at lengfh, when the proper jilace has been found, she will slowly 
bore deep into the very centre of the bud, so that the egg will 
reach the exact spot, where the necessary conditions for its develop- 
ment alone exist. 

l^ut each Cijnips lays eggs many times, and it may be argued that 
practice may have led to imjirovement in this case ; avc cannot 
however, as a matter of fact, expect much improvement in a process 
which is repeated, perhaps a dozen times, at short intervals of 
time, and which is of such an excessively cornjilex nature. 

It is the same with the deposition of eggs in most insects. How 
can practice have had any influence upon the origin of the instinct 



94 


ON HEKEDITY. 


which loads one of our biitterflies — [ Vanessa kvana)— to lay its grocii 
e^^’s in sin^’le file, as columns, which project freely from the stem 
Or leaf, so tliat protection is ,i»*ained hy thoii* close resemblance to the 
llower-buds of the stinging-nettle, which forms the food-plant of 
their caterpillars ? 

Of course the ])uttorfIy is not aware of the advantage which 
follows from such a ])roceeding ; intelligence has no part in the 
process. The entire operation depends upon certain inherent ana- 
tomicjil and physiological arrangements: — on the structure of the 
ovary and oviducts, on the simultaneous ripening of a certain 
number of eggs, and on certain very complex reflex mechanisms 
which comj)el the butterfly to lay its egg’s on certain parts of 
cei’tain ])lants. Schneider is certainly right when he maintains that 
this mechanism is releasc'rl by a semsation, arising from the percep- 
tion (whether by sight or smell, or both together) of the particular 
plant or part of the ])lant u])on whicli the eggs are to be laid b 
At any rate, we cannot, in su(h cases, appeal to the eflects of 
constant use and the iransmission of ac(|uired characters, as an 
explanation ; and the origin of the impulse can only be understood 
as a result of the process ol’ natural selection. 

Tlic proti'ct ive cocoons by wliieh the pupae of many insects are 
surrounded also l)elong 1o the same category, and im])rovement by 
])rae< ic(‘ is entirely out of the riuestion, for tluy are only constj’ueted 
once in the cours(^ ol’ a life-time. And yet these .cocoons arc often 
remaj’kably comph’x ; think, for instance, of the cocoon S])un by the 
catcr])illar of the enipiTor moth [Saf-nrnia carjjini), which is^.so 
tough tluit it can hardly be torn, and wliich tln^ moth would be 
unable to h'ave, if an ojuming were not ])rovided for the purj^ose ; 
Avhile, oji the other hand, the piq^a would not bo dehnded hgainst 
enemies if the o])ening were not furnished with a circle of pointed 
bristles, conv('rging outwards, on the ])rinciple of the lobster pot, so 
tliat the inotli can easily emerg’c, allhough no enemy (‘an ent(‘r. 
The impulse which l('ads to the production of such a sfrueture can 
only have arisen by the operation of natural selection — not, of 
course, during the liistory of a single species, but during the dc- 
velo])meiit of numerous, eonseeutivc species— by gradual and un- 
ceasing improvements in the initial stages of cocoon-building. 


Coiiipiire Sdiiieider, *J^cr tliicTiache Willo.’ 
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A number of species exists at the present day, of whieli the eocoons 
can be arrano-ed in a complete series, beconiinn* o-rndiially less and 
less complex, from that dcseril)ed above, down to a loosely-con- 
structed, spherical case in which the pupa is eontjutn'd. 

The cocoon spun l)y the larva of Siihiruia carpinl dillersl)iit little 
in complexity from the web of tlie spider, and if the former is con- 
structed without assistance from the experience of the sini^Io 
individual — mid this must certainly be admitted — it follows tliat the 
latter maybe also built without the aid of experieuci', while there is 
neither reason nor necessity for ap])ealin<>* to the entirely unproved 
transmission of accpiired skill in order to explain this and a thousand 
other operations. 

It may bo objected that, in man, in addition to tlie instincts 
inherent in eveny individua.1, special individual ])redis])()silions are 
also found, of such a nature tliat it is imiiossible that they can 
have arisen by individual variations of the On the other 

hand, tliese predispositions — which we call talimt.s — cannot hav(j 
arisen tlirou<»*h natural selection, because lile is in no way depciuh'iit 
upon their presence, and there seems to l)c no way of e\i)lainin<>’ 
their oiii»*in exco])t ly an assumption of the summation of tlu^ skill 
attained by exercise in tlie course of eacb sini>-le lifi‘. In this case, 
therefore, we seem at (irst sii»'ht to be eom]Kdled to aeee])t the 
transmission of acquired charactc'rs. 

Now it cannot be denied that all predispositions may be improved 
by imicticc diirinq* the course of a lile-t.ime, — and, in truth, very 
reiuarkably improved. Jf we could exjdain the exislmice of ^a’cat 
talent, such as, for example, a ^ift for music, paintini**, sculpture, or 
mathematics, as due to the presence or abseiuui ol' a, special orqan in 
the brain, it follows that we could only understand its orii^hi and 
increase (natural selection beino* cxclud('d) by accipiiulation, duo to 
the transmission of the results of practice through a series of 
i^enerations. But talents are not dc])endent u])on the jiossession of 
S])C(;ial organs in the brain. They are not sim])lo mental dis- 
positions, but combinations of many dispositions, and often of 
a most com])lex nature : they dejiend upon a ct'rlain degree of 
irritability, and a power of readily transmitting imjiulses along the 
nerve-tracts of the brain, as well as upon the especial devel()])ment 
of single parts of the brain. In my ojiinion, there is absolutely no 
trustwortliy proof that talents have been improved by their exercise 
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through the course of a long series of generations. The Bach 
family shows that musical tal(‘nt, and the Bernoulli family that 
mathematical power, can he transmitted from generation to genera- 
tion, hut this teaches us nothing as to the origin of such taleni^s. 
In both families the high-water mark of talent lies, not at the end 
of the series of generations, as it should do if the results of practice 
arc transmitted, but in the middle. Again, talents frequently 
appear in some single member of a family which has not been 
previously distinguished. 

Gauss was not the son of a mathematician ; Handebs father was 
a surgeon, of whose musical j)owors nothing is known ; Titian was 
the son and also the nephew of a lawyer, while he and his brother, 
Francesco Vecellio, were the first painters in a iamily which pro- 
duced a succession of seven other artists with diminishing talents. 
These facts do not, however, luove that the condition of the nerve- 
tracts and centres of the brain, n'hich determine the specific talent, 
appeared for the first time in these men ; the appropriate condition 
surely existed ])reviously in their parents, alibough it did not 
achieve expression. They })rovx\ as it seems to me, that a high 
degree of endowment in a special direction, which we call talent, 
cannot have arisen from the cx])erience of previous generations, that 
is, by the exercise of the brain in the same specific direction. 

It ap])ears to me that talent consists in a ha])py combination of 
exceptionally high gifts, developed in one special direction. At 
present, it is of course imi)Ossiblc to understand the ])hysiological 
conditions which render the origin of such combinations possible, 
but it is very ])robablc that the crossing of the mental dispositions 
of the parents plays a great part in it. This has been admirably 
and concisely expressed by Goethe in describing' his own charac- 
teristics — 

Vom Vater liab’ icli die 8tatnr 
Des Lcbuiis ernstes Fahreii, 

Vom IVIiittercJion die Frolmatur 

Die Luat zum Pabnlircii, etc. , 

The combination of ialents fre(picntly found in one individual, 
and the appearance of different remarkable talents in the various 
branches of one and the same family, indicate that talents arc only 
special combinations of certain highIy-develo])ed mental dispositions 
which are found in every brain. ]\Iany painters have been admir- 
able musicians, and we very frequently lind both these talents 
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developed to a slig'litci* extent in a single individual. In the 
Feuerbach family we find a distinguished juvist, a remarkable pliilo- 
sopher, and a highly-talcnted artist ; and among the j\Tendelssohns 
a philoso])lier as well as a iiiusieian. 

The sudden and yet widespread a])pearanec of a inirticular talent 
in coiTes])ondence with iJie general infelleetual excitement of a 
certain ej;och points in the same direction. Ilow many poets arose 
in (lermany during the period of sentiment whicli marked the 
close of the last century, and how com])l(?li‘ly all ])oelic gifts seem 
to have disa])peared during the Thirty Years’ War. Mow numerous 
were the philosophers that appeared in the epoch which succeeded 
Kant; while all philosoj)liic tahuit scuuued to liave deserted the 
(Jerman nation during tlie sway of the antagonistic ^ exact science,’ 
with its contempt for speculation. 

Wherever academies arc founded, there the S(ii wan thalers, 
Dclicggcrs, and Leiibachs emerge from the masses which had 
shown no sign of artistic endowment througli long ])criods of timeh 
At tlic present day then* are many men of scicuiee wlio, had they 
lived at tlie time of Puirgcr, TJhland, or Schelling, would ])rol)ably 
have l)een ])oets or philosojdiers. And tlu^ man of science also can- 
not dispense with that numial disposition directed in a certain course, 
which we call talent, although the specific ])art ol* it may not be 
so obvious : we ma)*, indeed, go further, and maintain that the 
Physicist and the Chemist are (diaracterizcd by a combination of 
mental dispositions wliich ditfer from tbose of the Potanist and the 
Zoologist. Nevertheless, a man is not born a, ])hysicist or a 
botanist, and in most cases chance alojic determines Avhether his 
endowments are dcvelo])ed in eitlua- direction. 

Lessing has asked vludher Haidiaid would have Ix'en a less 
distinguished artist had he been born willumt hands: ve might 
also enipiire whether he might not. have bcmi as great a musician 
as he was painter if, instead of living during tlie historical high- 
water mark of painting, he had IWed, under favourable ])crsonal 
intiuences, at the time of highly-dcveloiied and widesj)rcad musical 
genius. A great artist is always a great man, and if lu; linds the 
outlet for his talent closed on one side, he forces liis way through 
on the other. 

From all these examples I wish to show that, in my opinion, 

P The aiitlior refers to tho Aca«leiny of Arts at Munich. S, S.] 
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talents do not appear to depend upon the improvement of any 
special mental quality by continued practice, but they are the 
exj^ression, and to a certain extent the bye-product, of the human 
mind, which is so hif^hly developed in all directions. 

11 lit if any one asks whether this hii;-li mental development, 
acquired in the course of innuinerable generations of men, is not 
dependent upon the hereditary cflects of use, I would remind him 
that human intelligence in general is the chief means and the 
chief weapon which has served and still servos the human species 
in the struggle for existence h Even in the present state of 
civilization — distorted as it is by numerous artificial encroachments 
and unnatural conditions — the degrei; of intelligence jiossessed by 
the individual chiefly decides between destruction and life ; and 
in a natural state, or still better in a state of low civilization, this 
result is even more striking. 

Here again, therefore, we encounter the effects of natural selection, 
and to this ])Owcr wo must attribute, at. any rate, a great part of 
the phenomena we have been discussing, and it cannot be shown 
that — in addition to its operation — the transmission of characters 
acquired by ])raeticc ])lays any ])art in nature. 

I only know of one class ol‘ changes in the organism which is 
with difliculty cx])lained by the su])position of changes in tlie 
germ ; these are the modifications which 'appear as the direct 
consequence of some alteration in the surroundings. But our 
knowli'dge on this subject is still very defeetive, and we do not 
know the facts with sullicient precision to ena])le us to pronounce 
a final verdict as to the cause of such changes : and for this reason, 
I do not propose to consider the subject in detail. 

These changes — such, for example, as are produced by a strange 
climate — have been always looked at under the supposition that 
they are transmit, ted and intensified from generation to generation, 
and for this reason the observations are not always suflicicntly 
precise. It is difllcult to say whether the changed climate may 
not have first changed the germ, and if this were the case the 
accumulation of clfects through the action of heredity would pre- 
sent no difliculty. Eor instance^ it is well known that increased 
nourishment not only causes a plant to grow more luxuriantly, 
but it alters the plant in some distinct way, and it would be 

* Compare Darwiu’s ‘ Descent of Mau.’ 
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wonderful indeed if the seeds wore not also larn^or and better furnished 
mth nutritive material. If the increased nourislimeht be repeated 
in the next «*eneration, a still further increase in the size of the 
seed, in the luxuriance of the plant, and in all other changes which 
ensue, is at any rate conceivable if it is not a necessity. Ihit this 
would not be an instance of the iransmission of ac(piireil characters, 
but only the consecpiencc of a direct iniluenee upon the germ -cells, 
and of better nourishment during growth. 

A similar interpretation explains the converse change. When 
horses of normal size are introduced into the Falkland Islands, 
the next generation is smaller in consecpuMicc of poor nourishment 
and the damp climate, and aTter a few generations they have de- 
teriorated to a marked extent. In such a. case we luive only to 
assume that the climate which is unlavourable and the nutriment 
which is insutlicient for horses, alfect noli only the animal as a 
whole, but also its germ-cells. This would result in the diminution 
in size of the germ-cells, the eHects upon the ollspring being still 
further intensitied by the insullicient nourishment supplied during 
growth. Ihit such results would not. d(‘])end u))on the transmission 
by the germ-cells of certain peculiarities due to the unfiivourable 
climate, which only appear in the full-grown horse. 

It must be admitted that there are cases, such as the climajtic 
varieties of certain butterllies, which raise some difliculties against 
this explanation. 1 myself, some years ago, experimentally investi- 
gated one such case \ and even now 1 cannot ex])lain the facts 
othj^rwise than by supposing the })assive acquisition of characters 
produccfl by the direct influence of climate. 

It must be remembered, however, that my experiments, which 
have been repeated upon several American species by II. W. 
Fdwards, with results confirmatory of my own in all essential 
respects, were not undci takcn with tlie object of investigaiing the 
question from this point of view alone. New experiments, under 
varying conditions, will be necessary to aflbrd the true explana- 
tion of this aspect of the question ; and I have already begun to 
undertake them. 

Leaving on one side, for the moment, Ihcsc doubtful, and 

* ‘ Studion zur Descendoiizfchcorie, 1 . Ueber (U*ti Sais«)U-Diinorpliisniua der 
8clnnettei'linf,^c.’ Leipzig, 1875. English edition tranrilated and edited by Profeasor 
Meldola, ‘ y Indies in tlie Theory of Descent,’ Part T. 
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insufficiently invcstig*ate(l cases, we may still maintain that the 
assumption that changes induced by external conditions in the 
organism as a wliole, are eommunicaled to tlie germ-cells after the 
manner indicated in Darwin's hypotliesis of pangenesis, — is wholly 
unnecessary for the exjdanation of these idieiiomcna. Still we 
cannot exclude the jjossibility of such a l>ransmission occasionally 
occurring, for, even if the great ex part of the ellects must be attri- 
buted to natural selection, there might be a smaller part in certain 
cases which depends on this exceptional factor. 

A com])lete and satisfactory refutation of such an opinion caunot 
be brought forward at present : we can only point out that such 
an assum})t-ion introduces new and entirely obscure forces, and that 
innumerable cases exist in which wc can certainly exclude all 
assistance Irom the transmission of acquired (diaraciers. In most 
cases of variation in colour we have no explanation but the survival 
of the fittest \ and the same holds good for all changes of form 
which cannot be inlluenc(Hl by the will of the animal. Very 
numerous adaptations, such, lor instance, as occur in the eggs of 
animals, — the markings, and apqamdages wliicli conceal them from 
enemies, t.he compdex coverings which ])r(?vcnt them from dr\dng 
up or pu’otect them from the injurious influence of cold,- must 
have -all arisen entirely indcpKmdcnt-ly of any expression of will, 
or of any conscious or unconscious action on the p)art of the 
animals. I will not mention here the case of pdants, which as 
every one knoW'S are unconscious, for they are beyond my ])rovincc. 
]n this matter, there can be no suggestion of adap)tation de])ending 
upon a struggle between the various p^arts of the organism (Roux)-. 
Natural selection cannot op)erate upon the diderent (‘p)it]ielial cells 
which secrete the egg-shell of .7/y/^y, since it is of no consecpuence to 
the animal which secretes the eg*g-shell whether a good ora bad 
shell is p)roduced. Natural selection first operates among the otf- 
spjring, and the eg-g with a shell incap)able of resisting cold or 
drought is destroyed. The ditlerent cells of the same individual 
are not selected, but the dilfercnt individuals themselves. 

In all such cases w'c have no expjlanation except the op>eration 
of natural selection, and if w^c cannot accept this, we may as well 

^ The colours which liave been called forth by sexual selection must also be in- 
cluded here. 

- Wilhelm Uoux, ‘ Der Kampf der Theile im Or^;;anismu'^.’ Leipzig-, iSSi. 
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abandon any atloiiipt at a natural explanation. But, in my 
opinion, tliore is no reason why natural selei-tion should be con- 
sidered inadoquaie to tlie task. It is true that tlie objection has 
been lately uro*ed, that it is inconceivable that all the vonderful 
adaptations of the oro*anism to it-s surroundinq-s can have arisen 
throui>-h the selection of individuals; and that- for tliis pur])ose an 
infinite number of individuals and infinite time would be required; 
and stress is laid upon tin* f;ict that t.he wished- for usi'fnl chan,i»'es 
can only arise sin^'ly and very rarely amonq' a <4‘reat number 
of individuals. 

This last objection to the modern concept if)n of natural selec- 
tion has a])])arent]y some wei<>iit., for, as a matt^er of fact, uscTul 
variations of a conspicuous kind seldom appc'ar, and are often 
entirely absent, for many o*enerations. If we cxp(’et to find 
that (pialitative change's take ])la('e by sudden leaps, we can 
never escape this difUeulty. l>ut, 1 think, we must not look 
for conspicuous variations — such as occur amoipo* domesticated 
animals and plants — in the ])rocess of the evolution of species 
as it jji'oes on in nature. Natural selection do('s not deal with 
qualitative but. <piantit alive changes in tlie individual, and the 
latter are always present. 

A sim])le example will make this clearer. Let. us sup])oso t.hat 
it was advanta<j;*(*ous to some s])ecies — for instanc-c t.he anc(‘stors of 
the "•iraffc — to leni»'tlien some part of tlie body, such as the neck : 
this result could 1)0 obtained in a ndatively short time, for the 
members of t.he s])ecics already possessed necks of varyini** leni>'th, 
and the variations wliich form tlie material for natural selection 
were already in existence. Now all t.he or^uns of every species 
vary in size, and any one of them will undero’o constant and 
pro^Tessive increase, as soon as it accpiircs exceptional usefulness. 
Jhit not only will the orL;*an fluctuate as a whole, but also the 
parts composing* it w ill become larg-er or smaller under given con- 
ditions, will increase or dimini, sh 1 y the operation of natural selec- 
tion. I believe that (pialitative variations alwa\s dcjiend upon 
differences in the size and number of the component parts of 
the whole. A skin apiiears to be naked, wiicn it is really covered 
with a number of small fine hairs : if these grow' larger and increase 
in number, a thick covering is formed, and wm say that the skin 
is woolly or furry. In the same way the skin of many worms and 
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Crustacea is apparently colourless, but the microscope reveals the 
j)rescnce of a number of beautiful pii^ment spots ; and not until 
these have increased enormously does the skin appear coloured 
to the naked eye. The presence or absence of colour and its 
quality \vhen present are here dependent upon the quantity of 
the most minute particles, and on the distance at which the 
object in (juestion is observed. Ag-ain, the first apjiearance of 
colour, or the change from a green to a yellow or red colour 
depends upon slight variations in the position or in the number 
of the oxygen atoms which enter into the chemical combination 
in question. Fluctuations in the chemical composition of the mole- 
cules of a unicellular organism (for exanqdc) must continually 
arise, just as fluctuations are always occuiTing in the number of 
pigment granules in a certain cell, or in the number of pigment 
cells in a certain region of the body, or even in the size of the 
various jiart-s of the body. 

All these (luantitativT^ relations are exposed to individual fluctua- 
tions in every species ; and natural selection can strengthen the 
fluctuations of any part, and thus eaus(‘ it to developc further in 
any given direction. 

From this point ot view, it becomes less astonishing and less 
inconceivable that organisms adai)t themselves — as we see that they 
obviously do-— in all their parts to any condition of existence, and 
that they behave like a ])lastic mass wliich can be moulded into 
almost any imaginable form in the course of tinu‘. 

]f we ask in what lies tin* cause of this variability, the answer 
must undoubtedly be that it lies in the germ-cells. From the 
moment when the ])henomcna wliich ju'ccedo segmentation com- 
mence in the egg, the exact kind of organism which will be 
developed is already deti^rmined — whefher it will be larger or 
smaller, more like its lather or its mother, which of its ])arf.s will 
resemble the one and which the other, even to the minutest detail. 
In spite of this, there still remains a. certain seo])e for the influ3nce 
of external conditions upon the organism. Jhit this scope is 
limited, and forms buf» a small area round the fixed central point 
which is determined by heredity. Abundant nourishment can 
make the body large and strong, but can never make a giant out 
of fhe germ -cell destined to become a dwarf. Unhealthy seden- 
tary habits or insufficient nourishment makes f lu* factory-hand pale 
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luul stunted ; life on board ship, witli plenty of cxereise and sea* 
air, gives the sailor bodily strength and a tanned skin ; but wlien 
once the resemblance to father or mother, or to both, is established 
in the germ-cell it can never be ellaced, let the habit of life be 
what it will. 

Eut if the essential nature of the germ-cell dominates over the 
organism which will grow from it, so also the quantitative in- 
dividual ditrerences, to which I referred Just now, arc, by the same 
principle, established in the g'erm, and — -whatever be the cause 
which determines their presence— they must be looked u])on as 
inherent in it. It therefore follows that, although natural selection 
appears to operate upon th(‘ (pialities of the (levelopcd organism 
alone, it in truth works upon ])cculia rides which lie hidden in the 
germ-cells. Just as the final develo])ment of any ])re(lisposition 
in the germ, and just as any chaivutb'r in the mature oiganism 
vibrates witli a ('ertain am])litu(le around a HxihI eentral point, 
so the iiredisposition of the germ itself lluctiiati's, and it is on 
this that the possibility of an increase of the predisposition in 
question, and its average result, depends. 

If we trace* all the peuananent hennlilary variations from 
generation to generation back to the quantitative variations 
of the germ, as 1 have sought to do, the (piestion naturally 
occurs as to the source from which these variations arose in 
the germ itself. I will not enter into this subject, at any length 
on the pi’csent occasion, for I have already expressed my ojiinion 
up(m it 

I believe how ever that they can he referred t.o the various ex- 
ternal intluenccs to which the germ is ex])osed hefore the com- 
mencement of embryonic development. Jlenec wx' may fairly 
attribute to the adult organism influences Avhich determine tlie 
phyletie development of its descendants, hor the germ-ccdls are 
contained in the organism, and the external inlhienccs wdiich affect 
therrt are intimately connected wdth the state of the oiganism in 
which they lie hid. If it be well nourished, the g*('rm-cells will 
have abundant nutriment; and, conversely, if it he wxak and 
sickly, the germ -cells wdll be arrested in their growth. It is even 

^ (vonsult ‘ Htiidipii zur DesceiidenzUieorie, IV. Ubor die mceliaiiisclio Autrassniig 
der Natiir,’ p. 303, ete. Translated and edited liy IVofessoi- Mcklola; see ‘Studies 
in tlic Theory of Descent,’ p. 677, &c. 
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2)ossil)le tliat the elfiects of these influences uia-y he more s2)eciMlized ; 
that is to say, they may act only upon certain parts of the g*crm- 
cclls. Hut this is indeed very different from believing* that the 
chang'cs of the organism which result from external stimuli can 
be transmitted to the germ -cells and will re-devclopc in the next 
generation at fJie same time as that at which they arose in the 
2)arent^ and in the same 2)art of the organism. 

We have an obvious means by which the inheritance of all 
transmitted ])eculiariti(;s takes ])lace, in the conihivlfif of the 
suhdance of the genn-ce/lif^ or geDii-pIitmn. If, as 1 believe, the 
substance of the germ-cells, the gorm-2)lasm, has remained in per- 
petual continuity from the first origin of life, and if the germ- 
plasm and the substance of the body, the somatoplasm, have always 
occujned different spheres, and if chang-es in f.hc latter only arise 
when they have been 2 >i‘cceded by coiTcsj)onding’ changes in the 
former, then we can, u]) to a certain ])oint, undersf.and the 2)rinciy)le 
of heredity; or, at any rate, we can eoncidve that the human 
mind may at some time be ca])able of understanding it. We may 
at least maintain that it has been rendered inielligilde, for we 
can thus trace heredity back to growth ; we can thus look u])on 
reproduction as an overgrowth of th(‘ individual, and can thus 
distinguish between a succession of speci(‘s and a succession of 
individuals, because in f he latter succession the germ-])lasm remains 
similar, while in the succession of the former it becomes different. 
Thus individuals, as they arise, are always assuming new and more 
com^dex forms, until the interval beiween the simple unicellwlar 
j)roto/oon and the most eonqjlex of all organisms — man himself — 
is bridged over. 

1 have not been able to throw light upon all sides of the question 
which we arc here discussing. There are still some essential points 
which I must leave for the i>rcsent ; and, furthermore, 1 am not 
yet in a position to explain satisfoetorily all the details which 
arise at every step of the argument. Hut it a2)2)eared to me tn be 
necessary to state this weighty and fundamental question, and to 
formulate it concisely and definitely; for only in this way will it 
be possible to arrive at a true and lasting solution of the problem. 
Wc must however be clear on this j)oint — that the understanding 
of the idienomcna of heredity is only possible on the fundamental 
supposition of the continuity of the germ-plasm. The value of 
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experiment in relation to this (piestion is somewhat doubtful . 
A careful collection and arraiio^ement of laids is far more likely 
to decide whether, and to what extent, the continuity of <»-erm- 
plasm is reconcilable with the assumption of the transmission of 
acquired characters from the parent body to the o*erin, and from 
the ^erm to the body of tho o(rs])rin^. At present, such trans- 
mission is neither proved as a fact, nor has its assumption been 
shown to be unquestionably necessary. 
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LIFE AND DEATH. 


PREFACE. 

Till'] following paper was llrst printed as an academic lecture in 
the Slimmer of the present year with the title ‘ Upon the 

Eternal Duration Life’ (‘Ubor die Ewigkeit des Lebeus’). In 
now bringing it before a larger public in an expanded and improved 
form, I have chosen a title which seemed to me to correspond 
better with the ])ros(mt contents of the paper. 

The stimulus which led to this biological investigation was 
given in a memoir by Cotte, in which this author opposes views 
which T had previously expressed. Although such an origin has 
naturally caused my paper to take the form of a rci)ly 5 my inten- 
tion was not merely to controvert the views of my op])onent, but 
rather — using those opposed views as a starting-point— to throw 
new light upon certain questions which demand consideration ; to 
give additional support to thoughts which I have previously ex- 
pressed, and to penetrate, if possible, more deeply into the problem 
of life and death. 

Tf, in making this attcmi3t, the views of my opponent have been 
scA^ercly criticized, it will be acknowledged that the criticisms do 
not form the purpose of my paper, but only the means by wliicdi 
the way to a more correct understanding of the problems bi^forc us 
may be indicated. 

A. VV. 


• Fueibukg I. Breisgau, 
Oct. i8, 1883. 
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LIFE AND DEATH. 

In the previous essay, entitled ‘ The Duration of Life,’ I have 
endeavoured to show that the limitation of life in siiii^le individuals 
by death is not, as has been hitherto assumed, an inevii.ablc phe- 
nomenon, essential to the very nature of life itself; but tliat it is 
an adaptation which first ap])oared when, in consequence of a certain 
complexity of structure, an unemdino* life became disadvantao-eous to 
the species, 1 pointed out that we could not speak of natural 
death amon^ unicellular animals, for their oTowth has no termina- 
tion which is comparal)le with death. The ori<;*in of new indivi- 
duals is not connected with the death of the old ; but increase by 
division takes ])lace in such a way that iih<‘ two parts into which 
an organism separates are exactly equivalent one to another, and 
neither of them is older or younger than the other. In this way 
countless numbers of individuals arise, (‘ach of which is as old as 
the species itself, while each possesses the capability of Jiving on 
indefinitely, by means of division. 

J sugg'osted that the Metazoa have lost this iiower of unending 
life by being constructed of numerous cells, and by the consequent 
division of labour which became established between the various 
cells of the body. Here also reproduction takes place by means 
of cell-division, but every cell does not possess the power of 
re])roducing the whole organism. The cells of the organism are 
diflerentiated into two essentially diflerent groiqis, the re]) reductive 
cells — ova or spermatozoa, and the somatic cells, or cells of the 
body, in the narrower sense. The immortality ol' the unicellular 
organism has only passed over to the former ; the others must die, 
and since the body of the individual is cliicfly com])oscd of them, 
it must die also. 

I have endeavoured to explain this fact as an adaptation to the 
general conditions of life. In my opinion lile became limited in 
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its duration, not because it was contrary to its very nature to be 
unlimited, but because an unlimited persistence of the individual 
would Ije a luxury without a purpose. Among* unicellular organisms 
natural death was impossible, because the reproductive cell and 
the individual were one and the same: among multicellular animals 
it was possible, and we see that it has ariscui. 

Natural death appeared to me to be explicable on the j)rinciple of 
utility, as an adaptation. 

These ojunions, to which I shall return in greater detail in a 
later part of this paper, have been opposed by Ch'itte who does not 
attrilnite death to utility, but (ionsiders ii. to be a necessity in- 
herent in life itself, lie considers that it occurs not only in the 
Metazoa or multicellular animals, l)ut also in unicellular forms of 
life, where it is represented by the process of encystment, which is 
to be regard(id as the death of the individual. This encystment is a 
process of rejuvenescence, which, after a long*er or shorter interval, 
interrupts multi])lication by means of fission. According to Gdtte, 
this process of rejuveneseence consists in the dissolution of the 
specilic structure of the individual, or in the retrogression oF the 
individual to a form of organic matter which is no longer living’ 
but which is comparable to the yolk of an egg. Idiis matter is, by 
means of its internal energy, and in consecpience of the hiw of 
growth which is iiilierent in its constitution, enabled to give rise to 
a new individual of the same species. lAirthermorc, the process of 
rejuvenescence among unicellular beings corres])onds to the forma- 
tion of germs in the higher organisms. '^Idie phenomena of death 
were transmitted by heredity from the unicellular forms to the 
Metazoa when they arose. Death does not therefore appear for 
the first time in the IVtctazoa, but it is an extremely ancient 
process which ‘goes back to the first origin of organic beings' 
(1. c., p. 8j). 

It is obvious, from this sliort rumme, that Gotte’s view is totally 
opposed to mine. Inasmuch as only one of these views cap be 
fundamcmtally right, it is worth wdiile to comjiare tlic two ; and 
although we cannot at present hope to explain the ultimate physio- 
logical ])roc('Sses which involve life and death, I think nevertheless 
that it is quite j^ossible to arrive at definite eonclusions as to i-hc 
general causes of these phenomena. At any rate, existing- facts 

’ ‘ Ueber den Ursprmi^ dcs Tudes/ Hamburg and Leipzig, 1883. 
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have not been so completely tlioiio-ht out tluit it is useless to con- 
sider them once more. 

The (piestion — what do we understand by deatli ? must be de- 
cided before \vc can speak of the origin of cleat, li. (^(■)lte says, ‘ we 
are not able to explain this ^general cxpivssion cjuite (biliiitely and 
in all its details, because the moment of deatli, or juu-liaps more 
exactly the moment when death is complete, can in no cas(‘ be pre- 
cisely indicated. We can only say that in the death ot'the liigher 
animals, all those phenomena which make up the life of the indivi- 
dual cease, and further that all the cells and elements of tissue which 
form the dead organism, die, and arc resolved into their elements.’ 

This definition would suflice if it did not include that which is 
to be defined, k’or it assumes that under the ex])ression ‘ dead 
organism ’ we must include those organisms whicth havc^ brought to 
an end the whole of their vital funci ions, but of w hich the component 
cells and elements may still be living. This view is afteiwvards 
more accurately explained, and in fact then^ is no doubt that the 
cessation of the activity of life in the imdticcdhilar organism rarely 
implies any direct connection with the cessation of vital functions in 
all its constituents. The question however arises, whether it is right 
or useful to limit the conception of deatli to the cessation of the 
functions of the organism. Our conceptions of death have been 
derived from the higher organisms alone, and hence it is ([iiite 
possible that the conception may be too limited. The limitation 
might perhaps be removed by accurate and scientific comparison 
with the somewhat corresponding phenomena among unicellular 
organisms, and we might then arrive at a more com])rehensive 
definition. Science has without doubt the right to make use of 
popular terms and conceptions, and by a more profound insight to 
widen or restrict them. But the main idea must always be retained, 
so that nothing quite new or strange may apjicar in the widened 
conception. The conception of death, as it has been expressed with 
perfe<it uniformity in all languages, has arisen from observations on 
the higher animals alone ; and it signifies not only the cessation of 
the vital functions of the whole organism, but at the same time 
the cessation of life in its single parts, as is shown by the impossi- 
bility of revival. The post-mortem death of the cells is also part 
of death, and was so, long before science established the fact that 
an organism is built up of numerous very minute living elements, 
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of which the vital processes partially continue for some time after 
the cessation of those of the whole organism. It is precisely this 
incapacity on the part of the organism to reproduce the phenomena 
of life anew, which distinguishes genuine death from the arrest of 
life or trance ; and the incapacity dc])en(ls u})on the ftict that the 
death of the cells and tissues follows upon the cessation of the 
vital functions as a whole. I would, for this reason, define death 
as an arrest of life, from which no lengthened revival, either of the 
whole or any of its parts, can take place ; or, to put it concisely, 
as a definite arrest of life. I believe that in this definition I have 
expressed the exact meaning of the conception which language has 
sought to convey in the word death. For our present purpose, the 
cause which gives rise to this phenomenon is of no importance, — 
whether it is simultaneous or successive in the various parts of the 
organism, whether it makes its appearance slowly or rapidly. For 
the conception itself it is also (piito immaterial wlietlur wo are 
able to decide if death has really taken ])laco in any particular 
case ; however uncertain we might be, the state which we call 
death would be not less sharjdy and definitely limited. We might 
consider the cat«ri)illar of Kitprepia Jiavia to be dead when frozen 
in ice, but if it recovered after thawing and bi'came an imago, we 
should say that it had only been a])parently dead, that life stood 
still for a time, but had not ceased for ever. It is only the irre- 
trievable loss of life in an organism which we call death, and we 
ought to hold fast to this conception, so that it will not slip from 
us, and become worthless, because we no longer know what we 
mean by it. 

We cannot escape this danger if w^e look upon the pod-worfem 
death of the cells of the body as a jdienomenon which may 
accompany death, but which may sometimes be wanting. An 
experiment might be made in w^hich some part of a dead animal, 
such as the comb of a cock, might be transplanted, before the 
death of the cells, to some other living animal : such a part might 
live in its new position, thus showing that single members may 
survive after the appearance of death, as I understand it. But 
the objection might be raised that in such a case the cock s 
comb has become a member of another organism, so that it would 
he lost labom* to insert a clause in oar definition of death which 
would include this phenomenon. The same objection might be 
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raised if the transplantation took place a day ov even a year before 
the deat h of the cocd\. 

Odtte is decidedly in error when he considers that the idea of 
death merely expresses an ‘arrest of the sum of vital actions in 
the individual,’ without at the same time includino* that dennite 
arrest which involves the im])Ossibility of any revival. De- 
• composition is . not quite essential to our definition, inasmuch as 
death may be followed by dryin.i^-up\ or by perpetual entombment 
in Siberian ice (as in the well-known case of the mammoth), or by 
digestion in the stomach of a beast of prey. Ihit the notion ot a 
dead body is indeed inse2^a,rably connectc'd with tliat of death, 
and T believe that T was right in distinguishing bet wetm the division 
of an Infusorianinto two daughter-cells, and the death of a IMetazoon, 
whicli leaves offspring behind it, by calling attention to the absence 
of a dead body in the ])rocess of fission among Infiisoria". The 
real 2)roof of death is that the organiz(‘d substance which j)roviously 
gave rise to the pluouonuma of life, for ('ver ceases to originate 
such phenomena. This, and this alone, is what mankind has 
hitherto understood by d('ath, and we must start from this definition 
if we wish to retain a firm basis for our considerations. 

Wo must now consider whether this definition, derived from 
observation of higher animals, may be also applied without altera- 
tion to the lower, or whether the corresponding jdienomena which 
arise in these; latter, dilier in detail from those of the higher 
animals, so that a narrower limitation of the above definition is 
rendered necessary. 

Gotte believes the process of encystment which takes place in 
so many unicellular animals (Monoplastides) to be the analogue of 
death. According to this authority, the individuals in (|uestion, 
not only undergo a kind of winter slecj) — a ])eriod of latent life — 
but when surrounded by the cyst they lose tludr former specific 
organization 5 they become a ‘ homogeneous substance,’ and are 
resolv^'d into a germ, from which, by a process of development, 
a new individual of the same species once more arises. The 
division of the contents of the cyst, viz. its multiplication, is, 
according to this view, of secondary importance, and the essential 

^ As in the case of the bodies of monks on the Great St. Bernard, or the dried-up 
bodies in the well-known Capuchine Monastery at Palermo. 

* See below. 

T 2 
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feature in the process is the rejuvenescence of the individual. This 
rejuvenescence however is said to not only consist in the simple 
transformation of the old individual, but in its death, followed 
by the building up anew of another individual. ‘ The parent 
organism and its offspring are two successive living stages of the 
same substance — separated, and at the same time connected, by the 
condition of rejuvenescence which lies between them’ (1. c., p. 79). 
An ^absolute continuity of life docs not exist’; it is only the dead 
organic iriatter which establishes the connection, and the ‘ identity 
of this matter ensures heredity/ 

It is certainly surprising* that (lotto should identify encystment 
with a cessation of life, and we may well inquire for the evidence 
which is believed to support such a view. The only evidence lies 
in a certain degree of degeneration in the structure of the individual, 
and in the cessation of the visible external phenomena of life, such 
as feeding and moving*. Does Gdtte really believe that it is an 
incorrect interpretation of the facts to assume that a vUa minima 
continues to exist in the protoplasm, after its complexity has 
diminished? Arc we compelled to invoho a mystical explanation 
of the facts, by an appeal to such an indefinite principle as (Jotte’s 
rejuvenescence? Would not the oxygen, dissolved in the water, 
affect the organic substance the life of which it formerly maintained, 
and would it not (^ause its decomposition, if it were in reality dead? 

I, too, hold that the division of the encysted mass is of 
secondary importance, aiid that tlic encystment itself, without the 
resulting multiplication, is the original and essential part of the 
phenomenon. But it does not follow from this that the encyst- 
ment should be considered as a process of rejuvenescence. What 
is there to be rejuvenated? Certainly not the substance of the 
animal, for nothing is added to it, and it can therefore acquire no 
new energy ; and the forms of energy which it manifests cannot be 
changed, since the form of the matter is just the same after ([uitting 
the cyst as it was before. Rejuvenescence has also been mentioned 
in connection with the process of conjugation, but this is quite 
another thing. It is quite reasonable, at least in a certain sense, to 
maintain the connection of rejuvenescence with conjugation ; for 
a fusion of the substance of tw'o individuals takes place, to a 
greater or lesser extent, in conjugation, and the matter which 
composes each individual is therefore really altered. But in simple 
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encystraent, rejuvenescence can only be understood in the sense in 
which we speak of the Axble of the Plupiiix, whieli, wlion old, was 
believed to be consumed by fire, and to rise a.i>‘aiii from its own 
ashes as a youn^ bird. I doubt whether this idea is in ai>'re(nnent 
with the physiology of to-day, or with the laws of tlu', conservation 
of energy. It is easy to pull down an old house with roileu beams 
and crumbling walls, but it would be impossible to build it anew 
with the old material, even if we used new mortar, represented in 
(jotte’s liy])othcsis by water and oxygen. For these reasons I con- 
sider the idea of rejuvenescence of the encysted individual to be 
contrary to our present jdiysiological knowledge. 

It is much more simple and natural to regard encystment as 
adapted for the protection of certain individuals in a colony from 
destruction by being dried up or IVozen, or for the })roteeLi()n of the 
individual during' multiplication by division, wluui it is hel])less, 
and wmild easily fall a, prey to enemies, or to secure advantages in 
some other wayh The case of Art’Diof^ithavnHHf^ mentioned by 
(lotto, clearly demonstrates that rejuvcnesccmce of the individual is 
not the only event which hap])ens during encystment, for this 
would scarcely re/piiro six months. The long duration of latent 
life, from summer to the next spring, clearly ])roves ihat encystment 
is of the highest importance for the species, inord(‘r to maintain the 
life of the individual through the dang*ers of an unfavourable season^. 

^ Professor Gruber informs mo tliat amoiif,^ the riifiisorin, of tlie litarbonr of 
Genoa, he has observed a species whicli enc.ysts upon one of tlie free-swimmiri;^ 
Copepoda. He lias often found as many as ten cysts upon one of tliesc Gopepods, 
and has observed the escape of their contents wlienever the water under the cover- 
glass began to putrefy. Here advantage is probably gained in the rapid transjiort of 
the cyst by the (h’ustaeean. 

^ The views of most biologists who have worked at this subject agree in all 
essentials with that expressed above. Lutsehli s.ays (llronn’s ‘ Klassen und Ordnuiigen 
dcs Thierrcielis,’ Protozoa, p. 148) : *Tlie process of encystment doca nf)t appear to 
have originally borne any direct relation to reproduction : it aiijicars on the contrary 
to have taken place originally, — as it frecpiently does at the jiresont day, — either for 
the protection of the organism against injurious external influeneos, such as desicca- 
tion 01* the fatal eifects of imjiure water, etc.; and also to enable the organism, 
after taking iq) an unusually abundant sujiply of food, to assiiiiilate it in safety.’ 
Balbiani (Sjourn. de Alierograpliie,’ Tom. V. iS8i, p. 293) says in reference to the 
Infusoria, ‘Un petit nombre d’espbccs, an lien de se multj[)lier a IVdat de vie active, 
8C reproduisent dans unc sorte d’etat de repos, dit etat d’enkysteinent. Ccs sortes 
de kystos peuvent etre designes sous le nom de kystes de reproduction, par opposition 
avec d’aiitres kystes, dans lesquels les Infusoires se reii ferment pour se soustraire h 
des conditions devenues defavorables dii milieu qu’ils habitent, le manque d’air, Ic 
dessbclieinent, etc. — ceux-ci aont des kystes dc conservation . . 
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When in this case, the specific organization degenerates to 
a certain extent, such changes depend in part upon the endeavour 
to diminish as far as possible the size of the organism — the pseu- 
dopodia being drawn in, while the vacuoles contract and com- 
pletely disappear. The degeneration may also, perhaps, depend in 
part upon tlie secretion of the cyst itself, which implies a certain 
loss of substance^. But degeneration clncfly depends upon the 
fact that the cneystment is accompanied by reproduction in the 
way of fission, which seems to begin wiili a simplification of the 
organization, that is, with a fusion of the numerous nuclei. It is 
well known that many unicellular animals contain several nuclei — 
in other words, that the nuclear su])stanee is sen ti ered in small 
parts throughout the whole cell. But when the animal prepares 
for division, these pieces of nuclear substance fuse into a single 
nucleus which itself undergoes division into two equal parts ^ during 
the division of the animal. It is evident that the equal division 
of the whole nuclear substance only becomes possible in this way. 

There are, however, numerous cases wliich prove that the bodies 
of encysted animals may retain, during the whole process, exactly 
the same structure and difierentiation, which were previously 
characteristic of them. Thus the large Infusorian Til Una rnagna, de- 
scribed by Gruber, can be seen through the thin-walled cyst to 
retain the characteristic structure of its ectoplasm, and the whole of 
its organization. Even the movements of the enclosed animal 
do not cease ; it continues to rotate actively in the narrow cyst, 
as do the two or four parts into which it subsequently divide?. 
Such observations prove that Gdtte’s view that ‘ every characteris- 
tic of the previous organization is lost,’ is quite out of the question^ 
(1. c., p. 62). 

^ This is of importance in so far as single individuals might he thus compelled to 
encyst even when the existing external conditions of life do not rccpiirc it. The 
substance which Actinosphaeriiim , for example, employs in the secretion of its thick 
siliceous cyst must have been gradually accumulated by means of a process peculiar to 
the species. We can scarcely be in error if we assume that the silica accu^nulated 
in the organism cannot increase to an unlimited extent without injury to the other 
vital processes and that the secretion of the cyst must take place as soon as the 
accumulation has exceeded a certain limit. Thus we can understand that encyst- 
ment may occur without any external necessity. Similarly, certain Entomostraca 
(e.<7. Moina) produce winter-eggs in a particular generation, and these are formed 
even when the animals are kept in a room protected from cold and desiccation. 

^ Upon this point Professor Gruber intends to publish an elaborate memoir. 

^ This view has not even been proved for Actinosphaerium, upon which Gotte 



LIFE AND DEATH. 


119 


For this reason I must strongly op])oso (lolte’s view that 
an encysted individual is a genu, viz. an organic mass still un- 
organized whieli can only become an adult individual by means of 
a process of development. I believe that an encyst, ( d individual is 
one possessing a protective membrane, in struct lire more or less 
simplified as an adaptation to the nairow space within the e>'st, and 
to a possible subsequent increase by division, in short one in which 
active life is reduced to a minimum, and sometimes even comjdetely 
in ilbcyance, as ha])})cns ^Yhen it is frozen. 

It is evident from the above considerations that encystment in 
no way corresponds with that which every one, including myself, 
understands by death, because during encystment one and the same 
being is first apparently dead and then again alive ; and we merely 
witness a condition ot rest, from whiitli active lilc will again 
emerge. This would remain true even if it were proved that lil'e is, 
in reality, siis])cnded for a time. But such proof is still wanting, 
and Ciittc was ajiparently only inlluenced by theoretical considera- 
tions, when ho imagined trhat death intervened where unprejudiced 
observers have only recognised a condition of rest, lie apjiarcntly 
entirely overlooked the fact that it is possible to test his views ; for 
all unicellular beings are in reality cajiable of dying : we can 
kill them, for example, by boiling, and they are then really dead and 
cannot be revived. Wit this state of the organism ditrers chiuuically 
and physically from the encysted condition, although we do not 
know all the details of the dilfercncc. The encysted aniihal, when 
placed in fresh water, jiresently originates a living individual, but 
the one killed by boiling only results in decomposition of the dead 
organic matter, lienee we sec that the sani(‘ external condilions 
give rise to ditlerent results in two didcrent states of the organism. 
It cannot be right to apply the same term to two totally dill'erent 
states. There is only one jihenomenon which can be called death, 
although it may be jirodiiccd by widely dillerent uuis(?s. But if 
the encysted condilion is not identical with the death which we 
can produce at will, then natural death, viz. that arising from 
internal causes, does not exist at all among unicellular organisms. 

These facts refute Gotte’s peculiar view, which depends on the 

chiefly relies. The observations which we now possess merely indicate that the 
animal contracts to the smallest volume possible. (Compare F. E. Schulze, ‘Rhizo- 
podenstudieii,’ I, Arch. f. mikr. Anat. Bd. lo, p. 328; and Karl Brandt. ‘ Ueber 
Actinosphaeriiiin Eichhornii,’ Inaug. Diss. ; Halle, 1877. 
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existence of natural death amon^ the Monoplastid organisms; 
upon proof of the contradictory, his whole theory collapses. But 
there is nevertheless a certain interest in following* it further, for 
we shall thus reach many ideas worthy of consideration. 

First, the question arises as to how death could have been 
transmitted from the Monoplastides ’ to the Polyplastides, a process 
which must have taken place according to Gotte. I will for the 
present omit the fact that I cannot accept the supposition that the 
process of encystment represents death. We may then incihire 
whether death has taken the place of encystment among the 
Polyplastides, or, if this is not the case, whether any process com- 
parable to encystment exists among the Polyplastides. 

(idtte believes that death is always connected with reproduction, 
and is a consecpience of the lai/ter in both Protozoa and Metazoa, 
lleproduction has, in his opinion, a directly ‘Altai eflect,’ and the 
reproducing individual must die. Thus the may-Hy and the 
butterfly die directly after laying their eggs, and the male bee dies 
immediately after pairing ; the Oi'thonectides ex2)ire after ex2)elling 
their germ-cells, while Mago^^phaera resolves itself into germ-cells, 
and nothing persists exee])t these elements. Tt is but a step from 
this latter organism to the unicellular animals which transform, 
themselves as a whole into germ-cells ; but in order to achieve 
this they must undergo the process of rejuvenescence, wliich Gotte 
assumes to be the same as death. 

These views contain many fallacies quite apart from the sound- 
ness or unsoundness of their foundation. The process of encystment, 
as Gotte thinks, re2)rcscnts, in the Monojdastides, true reproduction 
t,o which muli:i2)licai.io.n by means of division has been secondarily 
added. This encystment cannot be dispensed with, for internal 
causes determine that it must occasionally interrupt the process of 
multiplication by sinqdc division. But, on the other hand, Gotte 
also considers the division of the contents of the cyst to be a 
secondary jirocess. The essential characteristic of encystment* is a 
simple lU’ocess of rejuvenescence without multiplication. Hence 
we are forced to accept a 2>rimitive condition in which simple 
division as well as the division of the encysted individual were 

* The conception of Protozoa and Metazoa does not correspond exactly with that 
of unicellular and multicellular beings, for which Gotte has proposed the names 
Mono- and Polyplastides. 
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absent, and in which reproduction consisted only in an often- 
repeated process of rejuvenescence amono- existing individuals, 
without any increase in their number. Such a condition is in- 
conceivable because it would involve a rapid disa])})ca ranee of the 
species, and the whole consideration clearly shows us that division 
of un-encysted individuals must have existed from the first, and 
that this, and not a va^ue Jind mysterious rejuvenescen(*e, has 
always been the real and primitive roj)roduciion of ibo Mono- 
pla’stides. The fact that encystment docs not always lead to the 
division of the contents of the cyst proves, in my o])inion, that not 
reproduction but preservation ai^ainst injury from without, was the 
primitive meaning of encystment. It is possible that at the present 
time there are but few Monoplastidcs which ai-e able to go through 
an infinite number of divisions without the interposition of the 
resting condition imjdied by encystment ; although it has not yet 
been demonstrated for all species h Hut it is not right to conclude 
from this that there is an internal necessity which leads to encyst- 
ment, that is to say to identify this process with rejuvenescence. It 
is much more ])robable that encystment is merely an ada])tation 
to continual changes in the external conditions of life, such as 
drought and frost, and 2>tu’haps also the want of food which arises 
from the over-poj)ulation of small areas. The same phenomenon is 
known in certain Ww Crustacea — the Daphnldae — which ])Ossess 
an ephippium or protective case for their winter-eggs. This case is 
only developed after a certain definite number of generations has 
been run through, an event whicdi may happen at any time in 
the year in species living in pools which are liable to be often 
dried-up ; but only in the autumn in such as live in laki's which 
are never dry. No one ever doubted that the periodical formafion 
of the ephippium in certain generations was an ada])tation to 
changes in the external conditions of life. 

Even if the process of rejuvenescence in the Monoplastidcs were 
reallj^ equivalent to the death of the higher animals, we could 
not conclude from this that it is necessarily associated with re- 
production. Encystment alone is not reproduction, and it first 

' the Rhizopoda encystment is only known in fresh-water hjrms, and 

not in a single one of the far more numerous marine forms which possess shells (see 
Biitschli, ' Protozoa,’ p. 148) ; the marine Rhizopoda are not exposed to the cUects 
of desiccation or frost, and thus the strongest motives for the process of encystment 
do not exist, at least among fonns possessing a shell. 
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becomes a form of reproduction when it is associated with the 
division of tlie encysted animal. Simple division was the true 
and ori.c^inal form of reproduction in Monoplastidcs, and even now 
it is the principal and fundamental form. 

Hence we sec that amon^ the Monoplastides reproduction is not 
connected with death, even if we accept (lotte’s view and allow 
that encystment represents death. I shall return later on to the 
relation between death and reju'oduction in the Metazoa ; but the 
question first arises whether enc\'strnent, if it is not death, has hny 
analogue in tlic higher animals, and further whether death takes 
that place in tlieir development which is occujncd by encystment in 
the Monoplastides. 

Among the higher Metazoa there can be no doubt as to what 
we mean by death, but the precise nature of that which dies is not 
equally evident, and the pojiular conception is not sutHcient for us. 
It is necessary to distinguish between the mortal and the im- 
mortal part of the individual —the body in its narrower sense 
{soma) and the germ-eells. Death only affects the former ; the 
germ-cells arc potentially immortal, in so far as they are able, 
under favourable (drcumstanccs, to dcvelo])e into a new individual, 
or, in other words, to surround themselves with a new body. 
{sovia) b 

But how is it with the lowest Polyplastides in which there is no 
antithesis between the somatic and germ -cel Is. and among* which 
each of the com])onent cells of the multicellular body has retained 
all the animal functions of the Monoplastides, even including^ re- 
production ? 

Gotte believes that the natural death of these organisms (which 
he rightly calls Ifomoplastides) consists in ‘the dissolution of 
the cell-colony.’ As an example of such dissolution Gotte takes 
Hackel’s ^(ujoHpliacm plauula, a marine free-swimming organism 
in the form of a sphere composed of a single layer of ciliated cells, 

^ I trust that it will not he objeokcl that the germ-cells cannot he immort^ilj be- 
cause thc}' frequently perish in large numbers, as a result of the natural death of the 
individual. There are certain delinite conditions under which alone a germ-cell can 
render its potential immortality actual, and these conditions arc for the most part 
fulfilled with difficulty (fertilization, etc.). It follows from this fact that the germ- 
cells must always be produced in numbers which reach some very high multiple of 
the necessary number of offspring, if these latter are to be ensured for the species. 
If in the natural death of the individual the germ-cells must also die, the natura 
death of the soma, becomes a cause of accidental death to the germ-oells. 
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imbedded in a jelly. (For figure see below.) This organism 
cannot however be ‘considered as a genuine perfect Polyplastid, 
for at a certain time the component cells part, from one another 
and then continue to live independently in the condit ion of Mono- 
plastides.’ These free amoebiform organisms increase (considerably 
in size, encyst, and finally undergo numerc^us divisions - a, kind of 
segmentation within the cyst. The result of the division is a 
sphere of ciliated cells similar to that witli which the cyi'h^ began. 
In ’fact, l\1a(j()^]thaera is not a perfect Polyiilastid, but a transitional 



I. Encysted ainoclwid form. 2 and 3. Two stai^es in tlie division of the sam(3 
4. Free ciliated sphere, the cells of which are connected l)y a f^alatinous mass. 5. 
One of the ciliated cells which has become free ]>y the hreakinj,^ up of the spliere. 
6. The same in tlie amoeboid form. 7. 'the same j^rown to a lari^an' size. 

forr^i between Polyplastides and Mono])lastide.s, as the discoverer of 
the group of animals of whieh it is the only representative, indi- 
cated, when he named the group ‘ Catallacta.’ 

According to Gdtte, the natural death of Magof^pJiaera consists, 
as in the undoubted Protozoa, in a process of rejuvenescence by 
encystment. The dissolution of the ciliated sphere into single cells 
‘cannot bo identical with natural death. For the regular and 
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complete separation of the MogospJiaera-aeW^ proves that their in- 
dividuality has not been completely subordinated to that of the 
whole colony, and it proves that the latter is not completely 
individualised 

Nothing* can be said against this, if we agree in identifying 
death with the cncystinent of the Monoplastides. Now we could, 
as Gotte rightly remarks, derive the lower forms of Polyplastides 
from Magosp/iarra if ‘ the connection between the cells of the 
ciliated sphere were retained until encystment, viz. until the Ve- 
production of the single cells had taken place After this had 
been accomplished, Gotte considers that death would consist ‘in the 
complete separation of the cells from one another, accom])anied in 
all probability by their simultaneous change into germ-cells.’ 
The fallacy in this is evident; if death is represented in one 
case by the encystment during which single cells change into 
germ-cells, then this must apply to the other case also, for nothing 
has changed except the duration of the cell-colony. The nature 
of encystment cannot be alfected by the fact that the cells separate 
from one anotlier a little earlier or a little later. If it is true 
that death is reprosenind by encystment among the Monoplastides, 
then the same conclusion muvst also hold for the Polyplastides ; or., 
rather death must be re])resentcd in them by the process of re- 
juvenescence, wdiich Gotte considers to be tiie essential part of 
encystment. Gotte ought not to identity death with the dissolu- 
tion of the cell -colony of which the lowest and highest Poly- 
plastides are alike composed ; but he should seek it in the process 
of rejuvenescence which lakes place wdthin the gcrm-colls. If it is 
essential to the nature of reproduction that the cells set a|)art for 
that purpose should pass through a process of rejuvenescence, which 
is e(pn valient to death, tlien this must be true for the reproductive 
cells of all organisms, if these conclusions hold good, there is 
nothing to prevent us from assuming that such a process of rejuve- 
nescence actually occurs in the higher animals. Gotte evidently 
holds this view, as is j^lainly showm in the last pages of his essay. 
He there attempts to bring his views of the death and rejuve- 
nescence of the germ into harmony with his previously developed 
idea of the derivation of death among the Polyplastides from the 
dissolution of the cell -colonies. Gotte still clings to the view 
^ 1. c., p. 78. “ 1. c., p. 47. 
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which he propounded in describing the development of Bomhimtor, 
according to which the egg-ccll of th(3 biglier Metazoa must pass 
through a process of rejuvenescence representing ilcath, before it 
can become a germ. 

According to (jotte’s^ idea ‘the egg of a Pumhinafor ypims before 
fertilization cannot be considered to be a cell either wholly or in 
part ; and this is equally true of it at its origin and after ils complete 
development ; it is only an essentially homogeneous orgjinic mass 
enclosed by a membrane which has been deposited externally.’ 
This mass is ‘unorganised and not living V Jnul ‘during the first 
phenomena of its develo})mcnt all vital powers must be excluded.’ 
In this way the continuity of life between two successive in- 
dividuals is always interrupted; or, as (lotte says in his last 
essay ‘ The continuity oC life between individuals of which one 
is derived from the other by means of reproduction, exists neither 
in the rejuvenescence of the Monojdastides nor in the condition 
of the germ among the Polyplastides — a condition which is derived 
from the former ' 

This is quite logical, although in my opinion it is both un- 
proved and incorrect. But, on the other hand, it is certainly 
illogical for Gottc to derive the death of the Metazoa in a totally 
diflerent way, i. c. from the dissolution of their cell-colonies. It is 
quite plain that the death of llic Metazoa does not especially 
concern the reproductive cells, but the individual which bears them ; 
Gottc must therefore seek for some other origin of death -an 
origin which will enable it to reach the body [wina) — as opposed 
to the germ-cells. If there still remained any doubt about the 
failure to establish a corresj)ondcnce between death and the encyst- 
ment of the Monoplastides, we have here, at any rate, a final demon- 
stration of the failure ! 

But there is yet another great fallacy concealed in this (](‘rivation 
of the death of the Polyplastides. 

Aijaong the lowest Polyplastides, where all the cells still remain 
similar, and where each cell is also a reproductive c'cll, tlie dissolu- 
tion of the cell-colony is, according to Giitte, to be regjirded as death, 
inasmuch as ‘ the integrity of the mother-individual absolutely 

^ ‘ Entwickliingsgeschichte der Unko," Leipzig, 1875, p. 65. 

2 Id., p. 842. 

2 ‘ IJrsprung des Todcs,’ p. 79. 
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comes to an end’ ( 1 . c., p. 78). The dissolution of a coil-colony into 
its component living elements can only be called death in the most 
figurative sense, and can have nothing to do with the real death of 
the individuals ; it only consists in a change from a higher to a 
lower stage of individuality. Could we not kill a MagospJiaera 
by boiling or by some other artificial means, and would not the 
state which followed be death? Even if we define death as an 
arrest of life, tlie dissolution ol' Magofiphaera into many single cells 
which still live, is not death, for life does not cease in the organic 
matter of which the sphere was composed, but expresses itself in 
another form. It is mere so])hisi.ry to say that life ceases because 
the cells are no longer combined into a colony. Life does not in 
trut.h cease for a moment. Nothing concrete dies in the dissolution 
of Magosp/iaera ; there is no death of a cell -colony, but only of a 
conception. The Ifomoplastides, that is cell-colonics built up of 
ecpial cells, have not yet gained any natural death, because each of 
their cells is, at the same time, a somatic as well as a reproductive 
cell : and they cannot be subject to natural death, or the s})ccies 
would become extinct. 

It is more to the j)ur])osc that Clotte has sought for an illus- 
tration of death among those remarkable parasites, the Ortho-'- 
nectidcs, because in them we do at any rate meet with real 
(keath. They are indeed very low org’anisrns ; but nevertheless 
they stand far above Ilagosplacra, even if the latter were hypo- 
thetically perfected uj) to the level of a true ITomoplastid, for the 
cells which compose the body of the Orthonectides are not all simfiar, 
but arc so far difierentiated that they are even arranged in the 
primitive germ-layers, and a form results which has rightly been 
compared with that of the Gastrula. It is true they are not quite 
so simple as Gotte ^ figures them, for they not only consist of ecto- 
derm and germ-cells, but, according to Julin^, the endoderm is 
arranged in two layers — the germ-cells and a layer which forms 
during development a strong muscular coat ; and in the second 
female form the egg-cells are surrounded by a tolerably thick 
granular tissue. There is nevertheless no doubt that in the first 
female form, when sexually mature, the greater part, not only of the 

’ 1. c., p. 42. 

* ‘ Contributions k I’histoire des Mesozoaires. Recberches sur I’organisation et 
le ddveloppement embryoimaire des Orthonectides,^ Arch, de Biologie, vol. iii. 1S82. 
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endoderm but of the whole body, is made op of ova, so that the 
animal resembles a thin-walled sac full of eoo-s. Tlie ova eseape 
by the biii-stin,<>' of the thin ectoderm, and when I hey have all 



Orthonectihes (after Julin). 

8. First female form : the cap-like anterior part has become dotachccl and the egg- 
cells {eiz) are escaping. 9. Second female form: eiz ~ egg- cells ; outside these are 
the muscular layer {m) and the ectoderm (<9/;/). 10 and 1 1. Two fragments of such a 

female broken to pieces by spontaneous division: the egg-cells are embedded in 
a granular mass, and undergo embryonic development in it at a later period ; the 
whole is surrounded by ciliated cells. 12. Male discharging the spermatozoa by the 
breaking up of the ectoderm (ek £) ; sp spermatozoa; rn muscle. 
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escaped, the thin disintegrated membrane, composed of ciliated 
cells, is no longer in a condition to live, and dies at once. This is 
the course of events as described by Gotte, and he is probably 
correct in his interpretation. This is the real death of the Ortho- 
nectides, and if we regard tliem as low j)rimitive forms (Mesozoa), 
here for the first time in the ascending* series we meet with natural 
death. But the causes of this are scarcely so clear as Gotte seems 
to think when he ascribes it to the effect of reproduction — an 
effect which is ‘ not only empirically necessary, but absolutely 
unavoidable.’ Such a necessity is explained by the fact that the 
endoderm consists entirely of germ-cells. Now the life of the 
organism, being dependent upon the mutual action of both layers, 
must cease as soon as the whole endoderm is extruded during repro- 
duction. 

Arguments such as these pass over the presence of a mesoderm ; 
but apart from this omission, it does not appear to me so self- 
evident from a purely physiological stand])oint, that the ectodermal 
sheath with its muscle layer must die after the extrusion of the 
germ-cells. 

In those females to which Gotte refers in this passage, the whole 
sheath I’emains at first cpiite uninjured, with the exception of a* 
small cap at tlie anterior end, which is pushed off to give exit to 
the ova ; and inasmuch as the sheath continues to swim about in 
the nutritive fluids after this has taken place, the proof is at any 
rate wanting that it cannot support itself cpiite as well as before, 
although it has lost the germ -cells. « 

Then why does it die ? My answer to this is simple : — because 
it has lived its time ; because its length of life is limited to a 
period which corresjionds with the time necessary for complete 
reproduction. The physical constitution of the body is so regulated 
that it remains capable of living until the extrusion of the repro- 
ductive cells, and then dies, however favourable external conditions 
may be for its further support. i 

The correctness of this explanation is shown by a consideration 
of the males and the second form of females ; for in these cases the 
body falls to pieces, not as a consecpience of reproduction, but as a 
preparation for it ! 

Gotte only mentions the second female form in a note, in which 
he says, it appears ‘ that in the second female form of these animals 
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tli6 wHole body lircuks into nuuiy ])3(*cos, and the supovficial layer 
gradually atroi^lucs, so tliat it dies boforc tlio arc oxtrudod.* 
In Julin’s acoount^ upon wliiel] (nitto ])asos bis statonionts, there 
arc, liowevcr, some not unimportant difU'renccs. Vor instance, the 
eg^s are not extruded at all, but embryonic devi'lopnumt lakes 
place yitliin the body ol* the mother, which has ])vevi()usly under- 
gom; spontaneous division into several pieces. Jii this cas(‘, ibe eggs 
dilPer from those of the other finualc tbrni, inasmuch as they do not 
consTitute tlu^ whole of the ondoderm, but arc^ embedded (as was 
stated above) in a fairly voluminous granular mass at the expemse 
of which, or at least by means of which, tlu'y ar(.‘ nourislu'd ; Ibr 
they increase considerably in size during tluni (levelo])ment. Jbit 
not only this granular mass, but all the layers oJ' tlu‘ body of the 
motlu'r, even the ecdoderm, jx'rsist during the embryonic develop- 
ment of the olfspring. Indeed, tlu' ectod(‘rm must ('ontinue to 
grow during the division of the mother animal, Ibr it gradually 
coven’s in thc^ products of division on all sides, and, by nu'ans of 
its cilia, causes the animal to swim about in the Jluids of its host. 
After some time the cilia are lost, and the separate })arts into 
which the mother animal has divided, fix tlumiscdves upon some part 
of the body-cavity of the host; the young become free, and the re- 
mains of the body of the mother probably {lisa])])('ar by dissolution 
and resorption In tTiis case the remains of the mot her animal S(‘em 
to be, to some extent, eonsuiiK'd ])y the embryos, — a ja’ocess Avhich 
sometimes, althougli v(uy rarely, ha])pens (dsewhere. We can 
scarci'ly consider this as a [)rimitive arrangcunent, or look upon 
it as a ])roof that ‘ rej)ro(luction’ has a necessarily fatal eflect upon 
the Polyplastid organisnu 

In the male, the mass of spermatozoa does not swell out the 
body to such an extent that its waills must give way and thus 
permit an exit, but the large ectod(‘rm cells atro])hy s]>onlaneoiisIy 
at the time of maturity, and as they fall off, exit is given to the 
spernijfitozoa here and there. In this instance also the dissolution 
of the body is not a consecpience of rej;rodu(*tion, but reproduction can 
only take place when the dissolution of the l;od}^ has prec(.‘ded it! 

Jiilin docs not enter into further details on this j»(»irit, and it is not quite clear at 
what precise time the colls of the ectoderin atrophy ; hut tliis is Irrelevant to the 
orii^’iii of death, since the L;Taiiular mass snrrouiulin^'' the e^^j^^-cclls at any rate belongs 
to the soma of the mother. 

K 
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In this remarkable arrang^ement we cannot discern anything* 
except an evident adaptation of ibe life of the hody-cells to repro- 
ductive purposes, and tliis ada}>tation was rendered possible because, 
after the evacuation of the sexual cells, the body ceased to be of any 
value for the maintenance of the species. 

But even if we assume, that the death of the Orthonectides is, 
in Gbttc’s sense, a consequence of reproduction, iiiasimich as, in the 
two forms of females as well as in the male, the extrusion of a mass 
of develo])ed gcrni-cells or embryos deprives the organism of the 
physiological j)ossibility of living longer, liow can we explain the 
necessity of death as a din'ct consequence of reproduction in 
all Polyplastidc's ? Js the body — the soma — of the Meiazoa so im- 
perfectly d(‘veloped, as compared with the reproductive cells, that 
the extrusion of the latter involves the death of the former? As a 
matter of fact in the majority of cases the relations are reversed ; 
the number of body-cells usually exceeds the germ-cells a hundred- 
or a thousand-fold, and the body is, as regards nutrition, so com- 
pletely independent of the reproductive cells, that it need not be 
in tho least disadvantageoiisly air<cl.cd by their extrusion. And 
if the Orthonectid-like ancestors of the Metazoa were compelled 
to give up their insignificant somatic ])art after the extrusion 
of their gwin-cadls, because it could now no longer support itself, 
does it therefore follow that the somatic cells had for ever lost the 
power of surviving, even when their phyletic descendants were sur- 
rounded by more favourable conditions ? Had they to inherit ‘ the 
necessity of death ’ for all time ? Whence came this great change in 
the nature of organisms which, before the diflcrentiation of Ilomo- 
plastids into Ileieroplastids, were endowed with the immortality of 
unicellular beings ? 

And it must be remembered that it is only an assumption which 
places the Orthonectides among the lowest Metazoa (Iletcroplastids). 
I do not intend to greatly emphasize this point, but the formation 
of the (lastrula by embole, and the absence of a mouth anjl ali- 
mentary canal, shons that these parasites are ext.remcly degenerate, 
and the same may l)e said of almost all endoparasites. The Gas- 
trula, as an independent organism, was without doubt primitively 
provided with both mouth and stomach, and the nuass of ova 
tilling' the female Orthoneetid is an adaptation to a parasitic life, 
which on the one side renders the possession of a stomach a super- 
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flujity, and on the other demands the ]>rodiiotion of a j^reat number 
of ^erm-eells^. It is certain tliat the Orthonceiides, as at present 
constituted, cannot have lived in the free condition, and also tliat 
their adaptation to parasitism cannot have arisen at the beodnnin^ 
of the phyletic development of Metazoa, because they inhalnt star- 
lishes and Nemertines — both relatively hi<>*hly devc'loped ^Tetazoa.. 
Hence it is, at any rate, doubtiul whether the Orthonectides can 
claim to i)ass as typical forms of the lowest Tretero})lastids, and 
whether their reproduction can be looked upon ‘ as typical for the 
unknown ancestors of all Polyplastids’ (1. c., p. 45 ). If, however, we 
accept some oro-anism resembling* these Orlhoiuadides as the jnost 
ancient nctero])lastid, bcino- a free-living* or<>’anism, it must have 
had a stomach, and the cells surroiindino* it must — as a whole or in 
part — have i)Ossessed the power of (li<»*esi.ino* ; at any rate, they 
cannot all have been Gi'crm-cells, and therefore it is im]m)bable that 
death would be the direct result of the extrusion of the g*erm-cells. 

• Let us now considc'r the manner in which (hiti-e has endeavoured 
to explain the transmission of the cause of death— which lirst 
appeared in the Orthonectides- -from these or< 4 *anisms to all later 
Metazoa, until the v(‘ry hioliest Ibrms are reached. .lkxa(d. prooJs 
of this supposition are unfortunakdy wanlini**, and the evidence is 
confined to the collection of a number of cases in which death and 
reproduction take place nearly or (piite simultaneously. These 
would prove nothino^ ('ven jm! Itoc were always firo/tler hoc ; and 
there are, opposed to tlunn, a numbeu* orcas(‘s in which re])roduction 
and death take place at dillerent times. In obtaining evidence for 
‘the fatal inlluence of r( 4 )roduction,’ is it ]>ossible to point to (‘very 
case of sudden death afler tlu; act of ovi position or fertilization ? 
These cases occur amon<<* many of the hii>*hcr animals, es]}ecially in 
Insects, and were collected by me in an earlier work“. It is 

^ Tjouckart linda .sncli a great rcseiiibl.nico bctwoeii tlio newly ]>orii young of 
Dltiloina and tlie Orthonectides, that he is inclined to hellcvo that the latter are 
Trematodcs, ‘ which in spite of aexnal niatnrity have not developed further than the 
einbrycTiih; condition of the Dislonm^ Ziir Entwickliingsgcschiclite dus I.ebcregels,* 
Zool. Anzeiger, i88i, No, 99). In reference to tlie Dicyeinidae, vvliich resemble the 
Orthonectides in their manner of living and in their structure, (legenbaiir has stated 
his opinion tliat they belong to a ‘stage in the development of I’Jatylielminthes’ 
(Clrniidriss d. vergleich. Anatornie). (Hard includes both in tlie ‘phylum Vermes,' 
and regards them as much degenerated by para.'^iitism ; and Whitman — the latest inveS' 
tigator of the Dicyemids — speaks of them in a similar manner in his excellent work 
‘ Contributions to the Life-history and Classification of Dicyemids’ (Leipzig, 1882). 

^ ‘ Daiier des Lebciis; ’ translated as the first essay in this volume. 
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obvious that sucli cases are exce])tional, but in a restricted sense it 
is ([uitc true, as far as tliesc individual instances are concerned, 
tliat death appears as a oonsoijuence of reproduction. The male bee, 
which invariably dies while pairing*, is undoubtedly hilled in con- 
sec|uenee of a very powerful nervous shock ; and the female Psychid, 
which has laid all her e.ii-^-s at once, dies of ‘ exhaustion’ — however 
we may attempt to explain the term on physiol oe;‘ical principles. 

Can we coiududc from these cases that the elfeets of reproduction 
arc, in Cdtte’s sense, universally fatal; that re]>roduction is the 
positive and ‘exclusive exjdanation of natural death’? ( 1 . c., p. 32 .) 
T need not lini^'er over these isolated examples, but I turn at once 
to the foundation of the whole conclusion — a foundation which is 
obviously unable to support the superstructure erected on it. 
(idttc formally derives the idea that death is a necessary condition 
of reproduction, from a very hctero^*eneous collection of facts. 
When we examine this collection we find that the process which is 
taken to be death is not the same thino* in all these instances, 
while the same is true of the inilucnce of ro])Voduction by which 
death is sujijioscd to be caused. The whole conce])tion arises out of 
the process of encystmeut, which is re*»*arded as the building*- up of 
reproductive material — tiiat is, as true reproduction ; and since, ac- 
cordino' to Cidtte’s view, the formation of ei'crms is always inti- 
mately connected with an arrest of life, and since, by his own 
definition, this stand-still of life is equivalent to death, it follows 
that, with such a theory, reproduction, in its essential nature, must 
be inseparably c('nnected with d(?ath. It is necessary at this junv<iture 
to remember what (iiitte means by the ])rocess of rejuvenescence, 
and to point out that he is dcalini>* with somethin^* (piite dilferent 
from ‘ the fatal inllueiice of reproduction,’ which was just now men- 
tioned with re<>nrd to insects. ‘ llejuvcnescencc,’ bound up as it is 
with encystmenl and reproduction, is, accordini*’ to (idtte, ‘a rc- 
coininq* of the specific jirotoplasm, by moans of wdiich the identity 
of its subslance is fixed liy heredity,’ a ‘marvellous process in 'vhich 
])henomena the most important in the whole life of the animal, 
and in fact of all orq^anisms — reproduction and death — have their 
roots’ (1. c., p. 81 ). Whether such re-coining* really takes })lacc or 
not, at any rate 1 claim to have shown above that it docs not cor- 
respond with death in the Metazoa, and — if it is represented at all 
in these latter — that it ought to be looked for in the reproductive 
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cells ; and indeed, in another passa^’e, (uitte himself has placed tho 
process in those cells. 

While, amon^’ ihc IMonoplastids, according* (o Colte, the causes 
of tho supposed death lie hidden in tliis inysierioiis (*hani4e of tho 
ort»*anisni into rejU'oductive material, (hitte asserts that amoiio* the 
Polyi)lastids (such as Maiionphavra^ hy])othetically perharlod so as 
to form a genuine Polyplastid), the causes of death o])erat(^ so 
that the organism breaks uj) into its com])onent Ci'lls, all these 
heiug still re]U’oductivo cells — a ])rocess which, unlike ‘ rc'juvenes- 
ceiice,’ has nothing mysterious about it, and which is certainly not 
genuine death. Tu the Orthonectid-like animals death does not 
occur as a consequence of the <lis])ersal of tlu^ rcjiroductive cells, 
but rather becausi^ th(‘ })art of th(‘ animal which nmiains is so 
small and etfete that, being unable to su])])ort. itself, it necessarily 
dies. From this point at least the object of death and the con- 
ception of it nmiaiii the same, but now the ichai of rejiroduction 
undergoes a changi'. When the IMiabdite females of Ascarh are 
oaten up by their otfs])ring, is this mod(' of d(‘ath connected with 
the ‘rejuvenescence ol‘ jirotoplasm ’ ? (l.c., p. >4.) Is there any 
dee]) undcM'lying relationship ludwcnm such an end and the essential 
nature of reproduction? The same (pu^stion may be asked with 
regard to the Mbdia^or the Sj'oivatyst of d’nmiatodes, which are 
converted into slowly dying sacs during the; growth of the Cer- 
cariac within them.’ We cannot s])eak of the ‘ fatal intluenee 
of reproduction’ among tape-worms just because ‘ In the rijie S(‘g- 
ments the whole organization degenerates under the inlluence of 
the excessive growth of the uterus.’ It (teidainly d(‘generates, but. 
only so far as the develo])ing mass of eggs demands. In fact, at 
a sufllciently high tempera tun', death does not occur, and such 
mature segments of ia])e-worms creep about of their ow'n accord. 
We cannot fail to recognize that in this as wdl as in the above- 
mentioned cases wx* have to do with adaptation to certain very 
speciiil conditions of existence — an ada])tation leading to an im- 
mense d(U’elo[nrient of re])roductive cells in a, mol her organism which 
can no longer take in nourishment, or Vvdiich has hc'come entirely 
supcrlluous because its duty to its species is already I'ul filled. If 
this is an example of death inherent in the essential nature of re- 
production, tlien so is the death of a mature segment of a tape- 
worm in the gastric juices of the pig' that cats it. 
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With Goite, the conception of reproduction, like the conception of 
death, is a protean form, which he welcomes in any sliapc, if only 
he can use it as evidence. If death is a necessary oonsecjuence of 
re2)roduction, its causes must he always essentially the same, and 
might he expressed in one of the following suggestions : — (i) in 
the necessity for a ‘re-eoiuing’ of the j)rotoplasm of the germ- 
cells ; but here death could only atfeet the germ-cells themselves : 
( 2 ) perhaps in the withdrawal of nourishment by the mass of 
develo])ing reproductive material, just as death occurs sometimes 
among men by the excessive drain on the system caused by morbid 
tumours : (3) or in consequences of the development of the olf- 
S])ring in th(‘ body of the motlnn- ; this however would only aifect 
the females, and could thenhore liave no deep and general signifi- 
cance : (4) from the extrusion of the sexual cells, — ova or s])er- 
inafpozoa, — and in the im])0ssibility of farther nourishment which is 
cons(H[uent ii})on this extrusion — (Orthonectides ?) : or (3) finally in 
an exc('ssiv('ly powerful nervous shock brought) about by the ejection 
of the rejirodiK'tive cells. 

Hut no one of th(‘so alternatives is the universal and inevitable 
cause of (h'ath. 41 iis proves irrefutably that death does not })rocccd 
as an intrinsic necessity from reproduction, although it may be 
connected with the latter, sometimes in onp way and sometimes 
in another. Hut w(^ must not overlook the fact that in many 
cases death is not connected with rcj)roduction at all ; for many 
IVletazoa survive for a longer or shorter period after the repro- 
ductive ])rocesses have ceased. » 

In fact, I believe T have definitely shown that no process exists 
among unicellular animals which is at all com])arable with the 
natural death ol‘ the higher organisms. Natural death first ap- 
peared among multicellular beings, and among these first in the 
lIctero})lastids. Furthermore, it was not introduced from any 
absolute intrinsic necessity inherent in the nature of living matter, 
but on grounds of utility, that is 'from necessities which e^)rang 
up, not I’rom the general conditions of life, but from those special 
conditions which dominate the life of multicellular organisms. 
If this were not so, unicellular being's must also have been en- 
dowed with natural death. I have already expressed these ideas 
elsewhere^, and have briefly indicated how far, in my ojnnion, 

^ 8 ce the tirbt essay upon ‘ The Duration of Life,’ p. 22 et seij. 
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natural death is expedient for multicellular orij^anisms. I found 
the essential reason for confining the life of the INTetazoa to a 
fixed and liinitcd period, in the wear, and tear fo which an indi- 
vidual is exposed in the coui*se of a lifo-iiiue. For ihis reason, 
‘the longer the individual lived, the more defective' and crippled 
it would become, and the less jx'rfcctly woidd it fulfd the ])ur})Ose 
of its species ’ ( 1 . c., p. 24). Death seemed to me f o be expedient 
since ‘worn-out individuals arc not only valueless fo the species, 
but* they arc evTn harmful, for they take the 2>kieo of fhose which 
are sound ’ (1. c., p. 24). 

I still adhere entirely to fhis cxplanafion ; not of course in fho 
sense that an actual physical struggle has ever faken place l)ctween 
the mortal and immortal varieties of any s])ecii's. If (idtte under- 
stood me thus, he may bo justified by llie bri(‘f ex])hinations given 
in the essay to which I have alluded ; but when he also attributes 
to me the opinion that such hy])otiietically immortal INTetazoa had 
but a very limited period for re])rodu(‘.tion, 1 hiil to sec what part 
of the essay in (piesfion can bo brought forward in suj)])ort of iiis 
statement. Only undc'r some such snj)])osifjon can 1 be reproached 
with having assumed tlie exivsten(‘c of a ])roc('ss ol’ natural selection 
which could nevTr be ofrcctive, because any advantage which accrued 
to the species from the shortening of the dui’afion of lile (‘ould not 
make itself felt in a more rapid proi)agation o(‘ tlie short-lived 
individuals. The statement ‘ that in this and in every other case 
it is a sutllcient explanaf.ion of the proccssi's of natural sc'Iecfion 
to r/3nder it probable that any kind of advantage' is gained’^ is 
indeed erroneous. ^Jdie explanation ought rather to be ‘that the 
forms in question would for ever transmit, f lu'ir chiaracders to a 
greater number of descendants than the other forms.’ .1 have not 
however as yet attempted to think out in detail such processes of 
natural selection as would limit the somatic ])art of the Metazoan 
body to a short term of existence, and J only wislu'd fo empluisizo 
the general principde lying at the basis of the whole jjroccss, with- 
out stating the precise manner in which it oj)eratcs. 

If I now attempt to take this course, and to reconstruct theo- 
retically the gradual appearance of natural death in the Metazoa, 
I must begin by again alluding- to Gdtte’s criticisms in referenco 
to the operation of natural selection. 

^ ‘ Urs])ruiig ties Todes,’ p. 29. 
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T consider dojifli as an adnpl alien, and believe that it has arisen 
by the operation of natural selection. Clotte ^ however, concludes 
from this that ‘the first origan of hereditary and consc(jucntly 
(for the organization in question) necessary death, is not cxj)lained 
but already assumed.’ ‘ Tlic operation and signific'ance of the 
principle oP utility consists in scleci.ing the fittest from among 
the structures and jirocesses which are at hand, and not in directly 
creating new ones, .hlvery lu'w structure arises at first, quite 
inde])endenlly of any utility^ from cerlain material causes present 
in a number of individuals, and when it has ])roved iisel'n! and is 
transmitted, it extends, according to the laws of the survival of the 
fittest, in the group of animals in which it ap])carcd. This exten- 
sion will undergo further increase with every advance in utility 
whicli results from further structural changes, until it extends 
over the whole grou]). So that usefulness etlects the ])reservation 
and the distribution of new striud-ures, but has nothing whatever 
to do with the causes of their primary origin and their consequent 
transmission to all other individuals, indeed, on these lu'reditnry 
causes the necessity of the si.ruetur(‘s in (juestion depends, so that 
their usefulness in no way ex])lains their nece.ssity.’ 

‘These conclusions, when applied to the origin of natural death 
called forth by internal causes, would show that it became inevitable 
and lu'reditary in a num])er of the originally immortal IMetazoa, 
Ix’fore there could be any (jnestion as to the bemdii s derived from its 
inlluence. Such inlluence must have consisted in the fact that more 
descendants survived the struggle for existence and \v('re able to 
enter iqion reproduclion among the individuals which had inherited 
the prcdis})osition to die than among* the ])otentially immortal 
beings which would ]>e damaged in the struggle fur existence, 
and would therefore be exposed to still further injuries. The exist- 
ing necessity for natural death in all INFetazoa might therefore be 
derived in an unbroken line of descent from the first mortal 
Metozoan, of which the death became inevitable from inl^^rnal 
causes, before the principle of utility could operate in favour of its 
dissemination.’ 

In reply to this I would urge : that it has been very often 
maintained that natural selection can ])roducc nothing new, but 
can only bring to the front something which existed previously to 

' 1. c., p. 5. 
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tlie exorcise of elioice ; but this nr^‘uiiu‘iit is only true in a very 
limited souse. The comjdox Ayorld o{‘])lants nud nnimids wliicli we 
see around us contains much that wo should call lu'w in comparison 
with the primitive l)oini4‘S from which, as wo l)(‘lic\(‘, ovorythin<4* 
has devolopod by moans of natural solcciiion. Tsh) h'avos or llowers, 
no diovstive systom, no lun<»*s, h‘^‘s, wind's, ]>ones or muscles wore 
present in the ])rimitiyc forms, and all those must have arisen 
from them aocordino^ to the ])rinci})le of natural sc'h’ction. 'flu'se 
priihitive forms wen^ in a eeriain sc'use ])red('sliued to dovelopci 
them, but only as ])Ossibiliiics, and not of necessity; nor were they 
})roi*ormod in them, d'ho course of doveloj)mont, as it ac^tually took 
])laco, first liocamc a, noc(‘Ssity by Ihe action of natural selection, 
that is by the choice of various ])ossibilitios, accordini)- to their 
us(^fu 1 ness in tittiuo’ the organism for its external conditions of lile. 
If wc once acce[)t the ])rinci]>le of natural si'h'ction, then we must 
admit that it really can create new struetun s, instincts, etc., not 
suddenly or disconi inuously, but working* by th(‘ smalh'st stai>’es 
u})on tlu', variations that ap])ear. dtios(‘ chnnL»'(‘s or variations must 
be looked upon as very insii>*niti(‘ant, and are, as 1 hav(‘ of late 
attempted to sliow (juantitative in tlu'ir natures ; and it. is only 
by their accumulation that chano'cs arise which are sullichuitly 
strikiim* to attract our attention, so that w(^ call them ‘new’ 
ori4*ans, instincts, etc. 

d^hese processes maybe com])aredto a man on a jounu'y who pro- 
ceeds from a, certain ])oint, on foot by sliort sta^a's, at any _i>*iven time, 
and.in any direcition. He has then thechoicti of an intiuite nundier 
of routes over the whole earth. Tf such a nuin bej^ ins his wanderlm>;’s 
in obedience to the impulse of his own will, his own ph'asure or 
intcH'st, — proceeding* forwards, to the rli^ht or left, or even back- 
wards, with lono'or or shorb'r jiauses, and starting* at any jiariicular 
time, -it is olivious that the rout(‘ taken lies in tlunuait himsi^li'aiid 
is determiiK'd by his own pe(*uliar tempiTameiit. His judi^*mcnt, 
expedience, and inclination will inlluence his (anirsc at eacii turn 
of his journey, as new circumstances arise. He will turn aside 
from a mountain which he (jonsiders too lofty to be climbed ; he 
will incline to the li^iit, if this direction apj)ears to afford a bettor 
passa^i-o over a swolhm stream ; he will rest when he reaches 
a pleasant haltiui^-place, and will hurry on when he knows that 
^ Sco the [‘rt'ced’iig rS'iiy M)n liuredity.’ 
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enemies beset him. And in spite of the perfectly free choice open 
to him, the course he takes is in fact decided by both the place and 
time of his startin<^ and by circumstances which — always occur- 
ring at every part of the journey — impel liim one way or the 
other ; and if all the factors could be asceriained in the minutest 
detail, his course could be predicted from the be^dnninn^. 

Such a traveller r(‘])resents a sjkhucs, and his route; corresponds 
with the chan <:»‘es which arc induced in it by natural selection. The 
clian^es are d(‘termined by the ])hysical nature of llie s])ecies, and 
by the conditions of life by which it is siirround(;d at any given 
time. A 'number of diflerent changes may occur at every point, 
but only that one will actually develope which is the most useful, 
under existing external conditions. The species will remain 
unaltered as long as it is in perfect equilibrium with its surround- 
ings, and as soon as this ecjuilibriuni is disturbed it will commence 
to change. It may also happen that, in spite of all the pressure 
of com])eting species, no further change occurs because no one 
of the innumerable very slight changes, which are alone possible 
at any one time, cafi help in tlic struggle ; just as the traveller who 
is followed by an overpowering enemy, is compelled to succumb 
when ho has been diiven dowm to the sea. A boat alone could 
save him, without it he must j)erish ; and so it sometimes happens 
that a species can only be saved from destruction by changes of 
a conspicuous kind, and these it is unable to produce. 

And just as the tra veller, in the course of his life, can w^ander an 
unlimited distance from his starting-point, and may take the most 
tortuous and winding route, so the structure of the original 
organism has undergone manifold changes during its terrestrial 
life. And just as the traveller at first doubts whether he will ever 
get beyond the immediate neighbourhood of his starting-point, 
and yet after some years finds himself very far removed from it — 
so the insignilicant changes which distinguish the first set of 
generations of an organism lead on through innumerable other 
sets, to forms which seem totally different from the first, but which 
have descended from them by the most gradual transition. All 
this is so obvious that there is hardly any need of a metaphor to 
explain it, and yet it is frequently misunderstood, as shown by the 
assertion that natural selection can create nothing new ; the fact 
being that it so adds up and combines the insignilicant small de- 
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viations presented by natural variation, tliat it is continually pro- 
ducing something new. 

If we consider the introduction of natural death in connection 
with the foregoing statements, we may imagine the ])roccss as 
taking place in such a way that, — with the dillerent ialion of Iletero- 
plastids from IIomo])lastids, and t.he a])j)ea ranee of division of 
labour among the homogeneous cell -colonies, — natural selection not 
only operated u[)on the physiology cal pceuliarities of feeding, moving, 
feefi ng, or reproduction, but also ujxm the duration of the life of 
single cells. At ibis develoj)nienta] stage there would, at any rate, 
be no further necessity for maintaining the })Ower of limitless 
duration. The somatic; cells might therefore assume a conslituiion 
which excluded the possibility of unending life, provided only that 
such a constitution was advanl.ageous for them. 

It may be objeci-ed that cells of which the ancestors ])osscssed 
the power of living for ever, could not become ])()tentially mortal 
(that is subj<‘ct io death from intcM’nal causes) either suddenly or 
gradually, for such a change would contradict the sup])osition which 
attributes immortality to tludr ancestors and to the products of their 
division. This arg*ument is valid, but it only a])])lies so long as 
the descendants retain the original (constitution. Ibit as soon as 
the two products of the tission of a potentially immortal cell ac- 
(juire ditlerent constit.utions by une(jual tission, anotber possibility 
arises. Now it is conceivable that one of the products of fission 
might preserve the j)hysical constitution neci'ssary for immortality, 
but* not the other; just as it is conc(dvable that such a cell — 
adapted for unending life — might bud off a small part, which 
would live a long time without the full cnpaldlities of life pos- 
sessed by the parent cell-; again, it is 2)Ossibh; that such a cell 
might extrude a certain amount of organic matter (a true excre- 
tion) which is already dead at the momcait it leaves the body. 
Thus it is possible that true uiiefpial cell-division, in which only- 
one,, half possesses the condition necessary for increasing, may take 
place ; and in the same way it is conceivabh; that the constitution 
of a cell determines the fixed duration of its lib*, examples of 
which are before us in the great number of cells in the higher 
Metazoa, which are destroyed by their fuiuitions. The more spe- 
cialized a cell becomes, or in other words, the more it is intrusted 
with only one distinct function, the more likely is this to be the 
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case : who then can tell us, whetlier the limited duration of life was 
brou^'ht al)out in consequence of the restricted functions of the 
cell or whetlier it was determined hy other advantages’ ? lii either 
case we must maintain tliat tlic disadvantai^i's arising* from a 
limited duration of the cells arc more than conqiensatcd for by 
the advantag‘('s which result from their higlily efrective sj)ccializcd 
functions. Althoug-h no one of the functions of the body is ne- 
cessarily attended by tin*, limited duration of the cells which per- 
form it, as is ])rov(‘d by tlie ]»ersistcnce of unicellular forms, yet 
any or all of them inig*ht lead to such a limitation of existence 
without in aii)^ way injuring* the s[)ccies, as is ])rov('d by the 
Metazoa.. Ihit the reproductive cells cannot be limited in this 
way, and they alone are free from it. They could not lose their 
immorialily, if indeed the IMetazoa. are derived fiom the immortal 
Protozoa, for from t.he viuy nature of that immortality it cannot 
be lost. Prom this point of view the body, or appears in 

a. certain sense as a sec(mdary a.p])endag*o of the real bearer of 
life, — the reprodmdivt' cells. 

Just as it was ];ossi])lo for the sjiccific somatic cells to be differen- 
tiat('d frojn among* the chemico-phvsical v'ariations which ])resentcd 
themselves in the proto])lnsm, by means of natural s(‘lection, until, 
finally each function of the body was performed by its own si)0cial 
kind of cell ; so it might be j)ossible for only those variations to 
persist the constitution of which involved a cessation of activity 
after a cert ain fix('d t ime. If t.his became true of the whole mass 
of somatic c('lls, wo should then meet Avith natural death for* the 
first time. AVhother wo ought to regard this limitation of the 
life .of the specific somatic cells as a mere consequence of their 
dillerentiation, or at the same time as a consequence of the powers 
of natural selection especially directed to such an end, — appears 
doubtful. Put ] am myself rather inclined to take the latter view, 
for if it was advantageous to the somatic c('lls to preserve the un- 
ending life of their ancestors — the unicellular organisms, this- end 

’ Tlio pidhlem ifl very oiisily solved if we sock assisstmico from the principle of 
panmixia developed in the sieeond essay ‘ On Heredity.’ As soon as natural selec- 
tion ceases to operate upon ary character, structural or functional, it bc^dns to dis- 
appear. As soon, tlierefore, as the iinniortality of .somatic cells hecanie useless they 
would begin to lose this attribute. The process would take place more quickly, 
as the histological dilliTcntiation of the somatic cells became more useful and com- 
plete, and thus became less compatible with their everlasting duration.— A.W. l88S. 
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have been aekievod, just as it was possible at a later period, 
in tke kio-lior Metazoa, to prolong both the duration of life and of 
reprodueiion a hundred- ora tbousand-fold. jVt any rai<c, no reason 
can be ^dven which would denionstrate the iin])ossibility of such an 
achievement. 

With our inadecpiate hnowledij^e it is didieult to sunn iso the 
immediate causes of sucli a selective ])roeess. Wlio can point out 
with any feclin^^ of confidence, the direct advantaL»'es in which 
somatic cells, capable of limited duration, oN^celled those capable 
of eternal duration? Perhaps it was in a better ])erformance of 
their s])ecial physiological tasks, ])eiiia])s in additional material 
and energy available for the re])rodiictive cells as a result of this 
renunciation of the somatic cells; or jjerhaps such additional 
])ower conferred u])on the whole or^'anism a i»‘reater ])Ower of 
resistance in the struj4-<;ie for existence, than it would have had, 
if it had been necessary to re<;*ulate all the cells to a corres])onding* 
duration. 

Put we arc not at ])resent abl(‘ to obtain a clear conception of 
the internal conditions of the or^'anism, especially when wv. are 
dealing’ with the lowest jMd.a/oa, which se(‘m to be V(‘ry rarely 
found at the ])res('nt day, and of which the vital ))henomena we 
only know as they are exhilated by two species, both of doubtful 
orii^ln. .Both sp(‘(des have furtiiermore lost much of tlieir orii^dnal 
nature, both in structure and function, as a resuli) of tlieir ])arasitic 
mode of life. Of the Orthoiu'ctides and Dicycunidae we know 
som(*thin<j*, but of the re])roduction in tin* sin^l(‘ free non-parasitic 
form, discovered l)y P. Ih Schulze and named by him Tru'hoplax 
adkaxrcus^ we know noth ini;* whatever, and of its vital ])henomena 
too little to ])e of any value for the jairpose of this essay. 

At this point it is advisabh^ to return once mon* to the derivation 
of death in the Metazoa, from the Orthoneclhh's, as (hitte en- 
deavoun d to derive it, when he overlooked the fact that, accordinj^ 
to his theor} , natural death is inlicrited froiu t]}e ^Monoplastids and 
cannot therdVm; have arisen anew in the IV)Iyj)iastids. Accordiiyf>^ 
to this theory, deat.h must necessarily have a])pcare(l in the lowest 
Metazoa as a result of the extrusion of the i>x‘rm-cells, iind by con- 
tinual repetition must have become hereditaiy. We must not how- 
ever foro'ct that, in this case, the cause of death is exclusively 
external, by wliich T mean that the somatic cells wdiich remained 
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after the extrusion of the reproductive cells, were unable to feed 
any long'er or at any rate to an adequate extent ; and that the cause 
of their death did not lie in tlicir constituiion, but in the unfavour- 
able conditions whicli surrounded thotn. Tliis is not so much a 
process of natural death as of artificial death, regularly appearing 
in each individual at a corresponding period, because, at a certain 
time of life, tlic organism becomes inlluenced by the same un- 
favourable conditions. Jt is just as if the conditions of life in- 
variably led to death by starvation at a certain stage in the life 
of a certain species. Eut we know that death arises from purely 
internal causes among the higher Meta/oa, and that it is antici- 
pated by the whole organisation as the normal end of life. Hence 
nothing* is gained by this ex])lanation founded on the Ortho- 
ncctides, and we should have to seek further and in a later stage 
of the devdopment of the Metazoa-, for the internal causes of true 
natural death. 

Another theory might be based upon the su])positlon that natural 
death has been derived, in the course of time, from an artificial 
death which always ajipeared at the same stage of each individual 
life — as we have su|)])Osed to be the case in t he Orthoiu'ctidi'S. I 
cannot agree with this view, bc'cause it involves the transmission of 
acquired characters, which is at present. un])roved and must not be 
assumed to oc'cur until it has been either dirc^ctly or indirectly de- 
monstrated b 1 cannot imagine any way in which the somatic 
cells could communicat.e this assunud death by starvation to the 
reproductive cells in suck a manner that the somatic cells of . the 
resulting oifspring would spontaneously die of hunger in the same 
manner and at a corres])onding* time as those ol* the parent. It 
would be as impossible to imagine a theoretical conception of such 
transmission as of the supposed instance of kittens being born 
without a tail alter the ])a rent’s tail had been docked ; although 
to make the cas(‘s ])arallel the kittens’ tails ought to be lost at the 
same period of life as that at which the parent lost hers. A^d 
in my opinion we do not add to the intelligibility of such an 
idea by assuming the artificial removal of tails through hundreds 
of generations. Such changes, and indeed all changes, are, as I 
think, only conceivable and indeed possible when they arise from 
within, that is, when they arise from changes in the reproductive 

^ 8ee tlic i)rece(]ing essay ‘ On Heredity.’ 
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cells. But I find no difficulty in belie vino’ tiuit variations in these 
cells took place during* the transition Ironi IToineplasiids to Tletero- 
plastids; variations which formed the material upon whicli tlic un- 
ceasing- ]H-ocess of natural selection could operate, and thus led to 
the differentiation of the ])reyiously identical cells of the colon v 
into dissimilar ones — some becomino* perishable somat ic cells, and 
others the immortal reproductive cells. 

It is at any rate a delusion to believe that we have explained 
natifral death, by derivino- it from the starvation ol‘ the of the 
Orthonectides, by the aid of the unproved assumption of the trans- 
mission of accpiired variations. We must first explain why these 
ori^anisms ])roduce only a limited number of rei)roductive cells 
which arc all extruded at once, so that the savin is rendered help‘d 
less. Why should not the reproductive cells ripen in succession as 
they do indirectly amono- the Monoi)last.ides, that is to say in a 
succession of i>‘en orations, and as they do directly in qTeat num- 
bers amonn- the iletazoa, ? There would then b(i no necessity for 
the sovia to die, for a few reproductive c(‘lls would always be pre- 
sent, and render the persistence of the .individual ])ossil)le. In 
fact, the whole aiTan<»*eTtient — the formation of n^prodiictive cells 
at one time only, and their sudden extrusion, — presupi)Oses the 
mortality of the s<nnatic cells, and is an adaptation to it, just as 
this mortality itself must be r(‘<»-arded as an adaj)tation to the 
simultaneous ripening- and sudden extrusion of the g*enerative cells. 
In short, there is no alternative to the sii])])osition stated above, 
viz. lhat the mortality of the somatic cells arose with the differ- 
entiation of the originally homogeneous cells of the .Ik)lyplastids 
into the dissimilar colls of the Ilcteroplastids. And this is the 
first beginning of natural death. 

Probably at first the somatic cells were not more numerous than 
the re])roductivc cells, and while this was the case the phenomenon 
of death was inconspicuous, for that which dieil was very small. 
But .as the somatic cells relatively increased, the body became of 
more importance as com]>arcd with the r(‘j)roductivx‘ cells, until 
death seems to affect the whole individual, as in the higher 
animals, from which our ideas upon the subject are derived. In 
reality, how'ever, only one part succum]).s to natural death, but it is 
a part which in size far surpasses that w hich remains and is im- 
mortal, — the re])roductive cells. 
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Gotte combats tlie statement that the idea of death necessarily 
implies the existence of a corpse. Hence he maintains that the 
cellular sac which is left after the extrusion of the re])roducfcivc 
cells among the Orthonectides, and which ultimately dies, is not 
a cor])sc ; ‘for it does not represent the whole organism, any 
more than tlic isolated ectoderm of any other Ileteroplastid ’ 
(I.C., p. 48). Jhit it is only a popular notion that a cor])se must re- 
present the entire organism. In eases of violent death this idea 
is correct, because then the reproductive cells arc* also hilled. ’Ihit 
as soon as we recognise that the reproductive cells on the one side, 
and the somatic cells on the other, form rc'spectively tlic immortal 
and moi’tal ])arts ol‘the Metazoan organism, then we must acknow- 
ledge that only tbe latter,- -that is, the noma without the re- 
])roductive cells, — suders natural death. The fact that all the 
rej)roductivc cells have not h'ft the body (as somd.imes happens) 
before natural death takes place, does not adect this conception. 
Among insects, for instance, it may happen that natural death 
occurs bcTore all ihc re})roductivo cells have matur'd, and these 
latter then die with the ^onnt. But this does not mak(^ any difier- 
ence to their potential immorlality, any moiv than it modifies the 
seicntilic (;once])tion of a corpse. The idea ot natuj-al d(>ath in- 
volves that of a (‘Oips(‘, which consists of the rwuni, and when the 
latter hapiicns to contain re])rodu(dive cells, these do not succumb 
to a natural death, which can never apply to them, but to an acci- 
dental death. They ai'c killed by the d(‘atli of the ^^oina just as 
they might be killed by any other a<!cidental cause of death. , 

The scientitic conce[)tion of a corpse is not affected, whether the 
dead xouia remains whole I'or some time, or falls to pieces at once. 
I cannot therefore agree with Guttc when he denies that an Ortho- 
neetid possesses ‘ the possi])ility of becoming a corpse ' (in his sense 
of the word) because ‘ its death consists in the dissolution of the 
structure of the organism.’ AVhen the 3^oung of the Ithabdites 
form of Jscai'Ls nifjroreiiom bore through the body-walls of t|ieir 
parent, cause it to disintegrate and finally devour it, the whole 
organism disa])pears, and it Avould be dilKcult to say whether a 
corpse exists in the ])opular sense of the word. But, scientifically 
speaking-, ihere is certainly a corpse ; the real sonta of the animal 
dies, and this, however subdivided, must be considered as a corpse. 
The fact that natural death is so diHicult to define without any 
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accurate conception of what is meant by a corpse, proves the neces- 
sity for arriving* at a scientific idea as to the ineaning' of the latter. 
There is no deatli without a corpse — whether the latter he small 
or largo, whole or in pieces. 

If we compare the bodies of the higher Metazoa with those of 
the lower, we see at once that not only has the structure of the 
body increased in size and com2)lexity as far as the fioma is con- 
cerned, but we also see that another factor has becm introduced, 
which exercises a most important influence in lengthening the 
duration of life. This is the replacement of cells l)y multipli- 
cation. Somatic cells have ac([uired (at any rate in most tissues) 
the power of multi})lying, after the body is completely developed 
from the reproductive cells. The cells which have undergone 
histological difierentiation can increase by fission, and thus supply 
the place of those which are being contimially destroyed in the 
course of inetabolism. The difference between tiu^ higher and 
lower Metazoa in this rcs]K*ct. lies in the fact that there is only 
one generation of somatic cells in the latter, and these are used 
up in the proc.ess of metabolism at almost the same time that the 
reproductive ccdls arc extruded, while among the former there are 
successive generations of somatic cells. I have elsewhere en- 
deavoured to render Jho duration of life in the animal kingdom 
intelligible by the application of this principle, and have attcm])ted 
to show that its varying duration is determined in diflerent species 
by the varying number of somatic cell-generations^. Of course, 
the varying duration of each cell-generation materially influences 
the total length of life, and experience teaches us that the duration 
of cell-generations varies, not only in the lowest Metazoa as com- 
pared with the highest, but even in the various kinds of cells 
in one and the same species of animal. 

We must, for the present^ leave unanswered the Cjucstion — upon 
what changes in the physical constitution of proto])lasm does 
the variation in the cjipacity for cell-duration depend ; and what 
are the causes which determine the greater or smaller number of 
cell-generations. I mention this obvious difficulty because it is 
the custom to meet every attempt to search deeper into the com- 
mon phenomena of life with the reproach tliat so much is still 
left unexplained. If we must wait for the explanation of these » 

* Sec the first essay on ‘ The Duration of Life.’ 
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processes until we have ascertained the molecular structure of cells, 
together with the changes that occur in this structure and the con- 
sequences of the changes, we shall probably never understand either 
the one or the other. The complex processes of life can only be 
followed by degrees, and wc can only hope to solve the great 
problem by attacking it from all sides. 

Therefore it is, in my ojunion, an advance if we may assume that 
length of life is de])endcnt upon the number of generations of 
somatic cells which can succeed one another in the course "of a 
sing'le life ; and, furthermore, that this* numbei*, as well as the 
duration of each single cell-geiicrat.ion, is i)redestined in the germ 
itself. This view seems to me to derive support from t.hc obvious 
feet that the duration of each cell-generation, and also the number 
of generations, undergo considerable increase as we pass from the 
lowest to the highest Metazoa. 

In an earlier work ^ I have attempted to show how exactly the 
duration of life is adapted to the conditions by which it is sur- 
rounded ; how it is leng'thened or shortened during the formation 
of species, according to the conditions of life in each of them ; in 
short, how it is throughout an adaptation to these conditions. A 
few points however were not touched upon in the work referred 
to, and these recpiirc discussion ; their consich' ration will also throw 
some light upon the origin of natural death and the forms of life 
affected by it. 

I have above explained the limited duration of the life of 
somatic cells in the lower Metazoa — Orthoneclides — as a ];hcno- 
menon of adaptation, and have ascribed it to the operation of 
natural selection, at the same time pointing out that the existence 
of immortal Metazoan organisms is conceivable. If the Mono- 
plastides are able to multiply by fission, through all time, then their 
descendants, in which division of labour has induced the antithesis 
of reproductive and somatic cells, might have done the same. If 
the llomoplastid cells reproduced their kind uninterruptedly, c(|ual 
powers of duration must have been possible for the two kinds of 
Heteroplastid cells ; they too might have been immortal so far as im- 
mortality only depends upon the capacity for unlimited reproduction. 

But the capacity for existence possessed by any species is not 
only dependent u})on the power within it; it is also inlluenced 

^ Sea the ilrst essay on ^Thc Durati of Life.’ 
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by the conditions of the external world, and this renders neces- 
sary the process which we call adaptation. Thus it is just as in- 
conceivable that either a homogeneous ora heterogeneous cell-colony 
}>osscssing the physiological value of a multicellular individual 
should continue to grow to an unlimited extent by continued cell- 
division, as it is inconceivable that a unicellular being should 
increase in size to an unlimited extent. Tn the latter case the 
process of cell-division imposes a limit upon the size attained by 
growth. In the former, the recpiiremcnts of nutrition, res])iration, 
and movement must prescribe a limit to the growth of the cell- 
colony which eonstituies the individual of the higher species, just 
as in the case of the unicellular Monoplastidcs, and it docs not 
affect the argument if we consider this limitation to be governed 
by the process of natural selection. It would only be possible to 
regulate the relations of the single cells of the colony to each other 
by fixing the numl)er of c(‘lls within narrow limits. During the 
development Magospliacra- one of the lIomo])histides — the cells 
arrange themselves in the form of a hollow sphere, lying in a 
gelatinous envelope. Bui. the find that reproduction does not follow 
the simple unvarying rhythm of unic(‘llular organisms is of more 
importance ; for a rhythm of a higher order appc'ars, in which each 
cell of the colony {y^])arates from its neighbours, when it has 
reached a certain siz(‘, and ])roceeds by veiy rapid successive 
divisions to give rise to a certain number of ])arfs which arrange 
themselves as a new colony. The number of divisions is controlled 
by tlx) number of cells to which the colony is limited, and at first 
this number may have been very small. With the introduction of 
this secondary higher rhythm during reproduction, the first germ 
of the Polyplastides became evident ; for then each process of fission 
was not, as in unicellular organisms, equivalent to all the others ; 
for in a colony of ten cells the first fission differs from the second, 
third, or tenth, both in the size of the products of division and also 
in remoteness from th(3 end of the process. This secondary fission 
is what we know as segmentation. 

It seems to me of little importance whether the first process of 
segmentation takes place in the water or within a cyst, although it 
is quite possible that the necessity for some protective structure . 
appeared at a very early period, in order to shield the segmenting • 
cell from danger. 
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It is impossible to accept (lotto’s conception of the g'crm (Koim), 
and at this point the question arises as to its true meaning. I 
slioiild ])ropose to iuchide under this term every cell, cytode, or 
group of cells Avhic]i, while not possessing the structure of the 
mature individual of the species, possesses the power of developing 
into it under (jortain circumstances. The emphasis is now laid 
upon the ex2)vossion development, which is something opposed to 
simple growth, without change of form. A cell which becomes 
a complete individual by growth alone is not a germ but an 
individual, although a very small one. lor example, the small 
en(‘apsuled JTeliozoon, which arises as the ])roduet of multiple 
fission, is not a germ in our sense of the word. It is an individual, 
provided with all the characteristic marks of its species, and it has 
only to protrude the retracted processes (j)scudopodia) and to take 
in the expelled water (formation of vacuoles) in order to become 
capable of living in a free state. In this sense of the word, germs 
are not confined to the Poly])lastides, but arc found in many Mono- 
plastides. There is nevertheless, in my opinion, a profound and 
significant diflercnce between the germs of ihese two grouj)S. And 
this lies not so much in the morphological as in the develop- 
mental significance of these structures. As fiir as I have been able 
to compare the facts, I may state that thc^ germs of the Mono- 
plastides are entirely of secondary origin, and have never formed 
the phyletic origin of the species in which they are found. For 
instance, the spore-formation of the Clrogarines resulted from a 
gradually increasing process of division, which was concentrated 
into the period of cncystment ; and it was induced by a necessity 
for rapid multi])lication duo to the parasitic life and unfavourable 
surroundings of these animals. If Gregarines were free-living 
animals, they would not need this method of reproduction. The 
encysted animal would probably divide into eight, four, or two 
parts, or perhaps, like many Infusoria ^ it would not divide at all, 

' These assumptions can be authenticated among the Infusoria. The encysted 
Colpoda cnc'iilltts, Ehrbg. divides into two, four, eight, or sixteen parts; Otostoma 
Carterif into two, four, or eight; TUUna ma/jna, Gruber, into four or five; Lapynus 
sp. (Gruber, into two; Amphileptus meleagris, Ehrbg. into two or four. The last two 
species and many otliers frequently do not divide at all during the encysted con- 
dition. But while any further increase in the number of divisions within the cyst 
does not occur in free-swimming Infusoria, the interesting case of Ichthyophthirivs 
inuUiJliiis, Fouquet, shows that para'sitic habits call forth a remarkable increase in 
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SO that the whole reproduction would depend on simple fission 
alone during* the free state. 

The orii^inal mode of reiirodiietion amoni*- the AFonoplastides was 
iindouhtedly simple fission. 44iis hecame (*onuocied with encyst- 
ment, which originally tooh place without miilti])lieation ; and only 
when the divisions in the cyst became excessively numerous did 
such minute plastids ap])car that a g*enuine process of di‘velopmont 
had to be undergone in order to produce complete individuals. 
HerC we have the general conception of the germ as 1 delined it. 
Its limitations arc naturally not very sbavjdy delined, for it is 
impossible i.o draw an absolute distinct.ion between sim])le growth 
and true dev(io|)m('nt accompanied by clianges in form and 
structure. For instance, Ilackel’s Profowi/.va auraufiaca divides 
within its cyst into numerous jilastids, which might be spoken of 
as germs, J3ut the cliang(‘S of form which they undergo bdbre 
they become young Vrolonnjivae are viuy small, and for the most 
part depend uiion the ('xpansion of tlu^ body, which exisUnl in the 
ca^psule as a contracted j)ear-shaped mass. It is there (ore more 
correct to speak only of the simple growth of the })roducis of the 
fission of the parent organism, and to look u])on these products 
as young Prolonit/xae rather than gi'rms. On the other hand, the 
young animals wliicji creej) out of the germs (the ‘spores’) of 
ih'eijar'ina yi(jan/m^ described by F. van lleneden, dillca* essentially 
from the adult, and pass through a series of developmental stages 
before they assume the characterist ic form of a Circgarine. 

Tlys is true development h But such a method of giuan-formation 
and development are found most frotpiently, although not ex- 
clusively, among the parasitic Monoplastidcs, and this fact aloni^ 
serves to indicate their secondary origin. It is a form of ontogenethr 
development ditlering from that of the Volyplast idi‘s in that it’ does 
not revert to a jihyletically jirimitive condit.ion of the species, but, 
on the contrary, exhibits stages which lirst ajiiiear in the phyletic 

the niynber of divisions. This animal divides into at least a thousand daui^hter in- 
dividuals. 

^ True development also takes place in the above-mentioned Ichthyaphlhirinfi, 
While in other infusoria tlie products of fission exactly resemble the parent, in 
Ichthyophthirins a different form; the sucking mouth is wanting while 

provisional clasping cilia are at first present. In tin’s case therefore the word geriiL 
may be rightly applied, and Icldhyophllilnns affords an interesting example of the 
phyletic origin of germs among the lower Elagellata and (Hegarines. Cf. Fouquet, 
‘Arch. Zool. Experimentale,’ Tom. V. p. 159. 1876. 



150 


LIFE AND DEATH. 


development of the specific form. Tlie Psorosperms were only 
formed after the Gre^arinos had become established as a group. The 
amoeboid organisms which crec]) out of them are in no way to be 
regarded as the primitive forms of the Gregarines, even if the 
latter may have rescml)I(Ml them, but they are coenogcnetic forms 
produced by the necessity for a production of numerous and very 
minute germs. The necessity for a process of g*onuine develop- 
ment perhaps depends upon the small amount of material cf)ntaincd 
in one of these germs, and on other conditions, such as change of 
host, change of medium, etc. It therefore results that the funda- 
mental law of biogenesis does not a])ply to the Monoplastides ; for 
these forms are either entirely witlioiit a genuine ontogeny and 
only possess the possibility of growth, or else they are only endowed 
wit.h a coenogcnetic ontogeny h 

Some authorities may be inclined to limit tiie above proposition, 
and to maintain that we must admit the possibility that we arc 
likely to occasionally meet with an ontogeny of which the stages 
largely correspond wiiih the most important stages in the phylctio 
dcvelo])ment of the s])ccics, and that ihe ontogenetic repetition of 
the phylogeny, although not the rule, may still occur as a rare 
exception in the Pi'oiozoa. 

A careful consideraiion of the subject iiuV'cates, however, that 
the occurrence of such an (‘xcejdion is very improbable. Such an 
ontogeny would, for instance, occur if one of the lowest Mono- 
plastides, such as a Moneron, were to deYeloj)e into a higher form, 
such as one of tlu^ Magellata,, with mouth, e}'e-s])ot, and C0‘rtical 
layer, under such external conditions that it would be advantageous 
for the existence of its s])ecies that it should no longer reproduce 
itself by simjdc fission, but that the periodical formation of a cyst 
(which was perhaps ])reviously paiii of the life-history) should be 
associated with the occurrence of numerous divisions within the cyst 
itself, and with the formation of germs. We must suppose either 
that these germs were so minute that the young animals could not 

^ Butschli, long ago, doubted tlie application of tlie fundamental law of bioge- 
nesis to the Protozoa t«f. ‘ Ueber die Entstchiing der Schwarmsprdsslings der Podo- 
phrya quadripartita,’ Jen. Zeit. f. Med. u. Naturw. Bd. X. p. 19, Note). Gruber has 
more recently expressed similar views, and in fact denies the presence of develop- 
ment in the Protozoa, and only recognizes growth (‘ Dimorpha niutans, Z. f. W. Z.’ Bd. 
XXXVII. p. 445). This proposition must however be restricted, inasmuch as a de- 
velopment certainly occurs, although one which is coenogcnetic and not j)alingenetic. 
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become Flagcllata directly, or that it was advantaofoous for tliem to 
move and feed as Moncra at an early p(‘rio(l, and to assume the 
more comjdex siructure of tlie parent by c^radual sta<>TS. In other 
words, tlie phyletic development would proec'ed hand in hand with 
the ontogeny corresponding to it, alibough iu)t from any in- 
ternal cause, but as an adaptation to the existing conditions of 
life. But the supposed transform at ion of t.hc species also depended 
upon these same conditions of life, which must therefore have been 
of srtch a nature as to bring about simuli.aneously, l)y an inter- 
calation of germs and by a genuine development, the evolution of 
the form in (juestion in the last stage of its ontogeny, and the 
maintenance of its original condition during the initial stage. 
Such a combination of circumstances can have scarcely ever 
happened. Against the occurrence of such a transformation as we 
have supposed, it might be argued, indeed, that the assumed ])ro- 
duction of very numerous germs do(‘S not occur among free-living 
Monoplastidc's. Those which have acrpiired parasitic habits must be 
younger jhylctic ibrms, for their first host. — whether a lowly or 
a highly organized Metazoon — must have a.])peared before they 
could gain access to it and adapt themselves to the conditions of 
a 2 )arasitic life, and by this time the Flagellatci Infusoria were 
already established. Jt is by far less probable that the j)crsistence 
or rather the intercalation of the ancestral form n ould occur in an 
ontogenetic cycle, consisting of a scries of stages, and not of 
two only, as in our exam])le. For as soon as reproduction can bo 
etiec1*cd by the simple fission of the adult, not only is there no 
reason why the earlier phyletic stag-es should be again and 
again re])eated, but such recapitulation is simply impossible. 
We cannot, therefore, conclude that the anomalous early stages of 
a Monoplastid such as Aclncla correspond with an early form of 
phyletic development. 

Supposing, for instance, that the Acinctaria were derived from 
the Ciliata, then this transformation must have taken jdace in the 
course of the continued division of the ciliatc ancestor — j)artially 
connected with cncystmcnt, but for the most i)art in(lc])cndently of 
it. Of the myriads of generations which such a process of develop- 
ment may have occupied, perhaps the first set moved with suctorial 
processes, while the second gradually adopted sedentar}^ habits, and 
throughout the whole of the long scries, each succeeding generation 
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must have been almost exactly like its predecessor, and must 
always have consisted of individuals which possessed the characters 
of the sj)ecics. 

This does not exclude the possibility that in spite of an assumed 
sedentijry mode of life, the need for locomotion and for obtaining* 
food in fresh places may have arisen at some period of life. But 
whenever formation of swarm-spores takes place instead of simple 
fission, this docs not depend u])on the persistence of an ancestral 
form in the ontogenetic cycle, but is due to the intercalation of an 
entirely new ontogenetic stage, which happens to resemble an 
ancestral form, in the possession of cilia, etc. 

I imagine that I have now sufficiently explained the above 
proj)osition, that the repetition of the phylogeny in the ontogeny 
does not and cannot occur among unicellular organisms. 

With the Poly])lastides the opposite is the case. There is no 
species, as flir as we know, which docs not — either in each in- 
dividual, or after long cycles which comprise many individuals 
(alternation of generations) — invariably revert to the Monoplastid 
state. This applies from tlie lowest forms, such as MagosjiJiaera and 
the Orthoneetidcs, up to the very highest. In the lalter a great 
number of intermediate phyletic stages ahvays occur, although 
some have been omitted as the result of concentration in the 
ontogeny, while others have sometimes been intercalated. 

Sexual reproduction is the obvious cause of this very important 
arrangement. Bven if this is an hyj)othesis rather than a fact 
we must nevertheless accept it unconditionally, because it, is a 
method of reproduction found everywhere. It is the rule in every 
group of the Jiniinal kingdom, and is only absent in a few species in 
which it is replaced by parthenogenesis. In these latter instances 
sexual reproduction may be local, and entirely absent in certain 
districts only {Apnff), or it may be only a p])arently wanting; in some 
cases where it is undoubte<lly absent, it is equally certain that it 
was present at an earlier period [Linimdla llmmuui). We cannot 
as yet determine whether its loss will not involve the degeneration 
and ultimate extinction of the S2)ecies in question. 

If the essential nature of sexual reproduction depends upon the 
conjugation of t^vo equivalent but dissimilar morphological elements, 
then we can understand that a multicellular being can only attain 
sexual rei)roduction when a unicellular stage is present in its 
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development ; for the coalescence of entire nmlticcllular organisms 
in such a manner that fusion would only take place between equi- 
valent cells, would seem to be impracticable. In the necessity 
for sexual reproduction, there is therefore also implied the ne- 
cessity for reverting to the original condition of the Polyplastides — 
that of a single cell — and upon this alone depends the fundamental 
law of biogenesis. This law is therefore confined to the Poly- 
plastides, and docs not apply to the Monoplaslides ; and (lotte’s 
suggestion that the latter fall back into the primitive condition 
of the organism during their encystment (rejuvenescence), finds 
no support in this aspect of the question. 

I have on a previous occasion ^ rcferreil the ui ility of death to the 
ultimate fact that the unending life of the Metazoan body would 
be a useless luxury, and to the fact that the individuals would 
necessarily liecome injured in the course of time, and would bo 
therefore ‘ not only valueless to the species, but . . . even harmful, 
for they take the place of those which are sound ’ (1. c., p. 24). I 
might also have said that such damaged individuals would sooner 
or later fill victims to some accidental death, so that there would 
be no possibility of real immortality. 1 now propose to ex- 
amine this statement a little more closely, and to return to a 
question which has already been alluded to before. 

It is obvious that the advantages above set forth did not form 
the motive which impelled natural selection to convert the im- 
mortal life ol* the Monoplastides into the life of limited duration 
posse;5sed by the lleteroplastides, or more correctly, which led to the 
restriction of potential immortality to the re])rodiictive cells of the 
latter. It is at any rate theoretically conceivable that a struggle 
might arise between the mortal and immortal individuals of a 
certain Metazoan species, and that natural selection might secure 
the success of the former, because the longer the immortal in- 
dividuals lived, the more defective they became, and as a result gave 
rise to weaker offspring in diminished numbers. Probably no one 
would ])c bold enough to suggest such a crude example of natural 
selection. And yet I venture to think that the j)rinciple of 
natural selection is here also to be taken into account, and even 
plays, although in a negative rather than a, jiosil-ive way, a very 
essential part in determining the duration of life in the Metazoa. 

^ See the first essay on ‘The Duration of Life,’ p. 23 seq. 
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When the somatic cells of the first Ileteroplastides ceased to he 
immortal, such a loss would not in any way have precluded them 
from reg’aining* this condition. Just as, with the differentiation of 
the first somatic cells of the lowest Ileteroplastides, their duration 
was limited to that of a single cell-generation, — so it must have 
been possible for them, at a later period and if the necessity arose, 
to lengthen their duration over two, three, or more generations. 
And if my theory of the duration of life in the Metazoa is well 
founded, these cells have as a matter of fact increased their duration, 
to an extent about equal to that of the organism to which they 
belong. There is no ground whatever for the assumjition that it 
is impossible to fix the number of cell-generations at infinity, — as 
actually hapj)ons in the ease of the re 2 )roductive cells, — but on the 
other hand it has alread}^ been shown f.o be obvious that such an 
extension is opposed to the princijdc of utility. It could never b(5 
to the advantage of a species to produce cripjded individuals, and 
therefore the infinite duraf ion of individuals has never reappeared 
among the Metazoa. So far the limited duration of Meta- 
zoan life may be attributed to the worthlessness or even the 
injurious nature of individuals, which alihough immortal, were 
nevertheless liable to wear and tear. This fact explains why im- 
mortalify has never reappeared, it explains the predominance of 
deafh, but it was not the single primary cause of this phenomenon. 
The j^erishable and vulnerable nature of the soma was the reason 
why nature made no effort to endow this part of the individual 
witli a life of unlimited length. 

(idtte considers that death is inherent in rejiroduction, and in 
a certain sense this is true, but not in the general way supposed by 
him. 

I have endeavoured to show above that it is most advantageous 
for the ju’eservation of the species among the lowest Metazoa, that 
the body should consist of a relatively small number of cells, and 
that the reproductive cells should ripen simultaneously and all 
escape together. If this conclusion be accejded, the uselessness of 
a prolonged life to the somatic cells is obvious, and the occurrence 
of death at the time of the extrusion of the reproductive cells is 
exjdained. In this manner death (of the so7/?a) and reproduction 
are here made to coincide. 

This relation of reproduction to death still exists in a great nnm- 
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ber of tlie liig*lier aniinjils. But such an association, togctlier with 
the simultaneous ripenini^ of the reproductive cells, has not been 
maintained continuously in the past. As tiic f^onia becomes larger 
and more hi^bly ori^aiiized, it is a])le to withstand more injuries, 
and its averaii>‘e duration of life will extend : pan pasrsit with these 
changes it will become increasinij'ly advantu^-eous not only (or the 
number of reproductive cells to bo multiplied, but also lor the time 
during which they are produced to be ])rolonged. In this manner 
a lengthening of the reproductive period arises, at first continuously 
and then i^eriodically. It is beyond my jn-esent ])urpose to consider 
in detail the conditions upon Avhich this lengthening de])ends, but 
I would emphasize the fact that a Icngtliening of life is connected 
with the increase in the duration of reproduction, while on the 
other liand there is no reason to expect life to be j)rolonged 
beyond the re2)r()ductiv(; period ; so that the end of this ])criod is 
usually more or loss coincident with death. 

A further ju’olongation of life could only take place when the 
2)arent begins to undertake the duty of rearing the young. The 
most ju’imitivc form of this is found among those animals, which 
do not ex2)el their reproductive cells as soon as they are rij^c but 
retain them within their bodies, so that the early stages of dcivelop- 
ment take jdace unde^’ the shelter of the 2)arent organism. Associ- 
ated with such a ])roccss there is fre(juently a necessity for the 
germs to reach a c(’rtain S2)ot, where alone their further development 
can take 2)lacc. Thus a S(,‘g'ment of a tapeworm lives until it 
has bvought the embryos into a position which affords the possibility 
of their jjassive transference to the stomach of their special host. 
But the duration of life is first materially lengthened when the off- 
stDring begin to be really tended, and as a general rule the increase 
in length is exactly proportional to the time which is demanded by 
the care of the young. Accurately conducted observations arc 
wanting upon this precise point, but the general tendency of the 
facts^as a whole, cannot be doubted. Those insects of which the 
care for their offspring terminates with the de])osition of eggs at the 
apfjropriatc time, 2)lacc, etc., do not survive this act ; and the dura- 
tion of life in such imagos is shorter or longer according as the 
eggs arc laid simultaneously or ripen gradually. On the other hand, 
insects — such as bees and ants — which tend their young, have a life 
which is prolonged for years. 
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But the lengtheniug of the reproductive period alone may result 
in a marked increase in the length of life, as is proved by the (pieen- 
bce. In all these cases it is easy to imagine the operation of 
natural selection in producing such alterations in the duration of 
life, and indeed we might accurately calculate the amount of in- 
crease which would bo ju’oduccd in any given case if the necessary 
data were availalde, viz. the physiological strength of the body, and 
its relations to the external world, such as, for instance, the power 
of obtaining food at various periods of life, the exjienditure of eriergy 
necessary for this end, and the statistics of destruci.ion, that is, the 
probabilities in iavour otthc accidenial death of a. single individual at 
any given time. These statistics must be known both ibr the images, 
larvae, and eggs ; for the lower they are for the images, and the 
higher for the larvae and eggs, the more advantageous will it be, 
ccieris parihns^ for the number of eggs ])roduced by the imago to 
be increased, and the more probable it would therefore be that a 
long reproductive period, involving a lengthening of the life of the 
imago, would be introduced. But wc are still far from being able 
to apply mathematics to the phenomena of life ; the factors arc too 
numerous, and no attempt has been made as yet to determine them 
with accuracy. 

But we must at least admit the principle that both the lengthen- 
ing and shortening of life arc possible by means of natural selection, 
and that this j)rocess is alone able to render intelligible the exact 
adaptation of the length of life to the conditions of existence. 

A shortening of the normal duration of life is also possible • this 
is shown in every case of sudden death, after the deposition of the 
whole of the eggs at a single time, lliis occurs among certain 
insects, while nearly allied forms of which the oviposition lasts over 
many days therefore })ossoss a correspondingly long imago-life. The 
Ep/icnicridac Le])ido])tera afibrd many examples of this, and in an 
earlier work 1 have collected some of them The humming-bird 
hawk-moth tlics about for weeks laying an egg here and there, and, 
like the allied pojdar hawk-moth and lime hawk-moth, probably 
dies when it has deposited all the eggs which can be matured with 
the amount of nutriment at its disposal. Many other Lepidoptera, 
such as the majorii.y of butterllies, fly about for weeks depositing 
their eggs, but others, such as the emperor-moths and lappet- 

^ See Appendix to the first essay on ‘The Duration of Life,' pp. 43-46. 
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moths, lay their eg’i^s one after another and then die. The eg'gs of 
the partheno^enetic Psi/cJiidae are laid directly aftcn* the imago has 
left the cocoon, and death ensues immediately, so that the whole life 
of the imago only lasts for a few hours. No one could look upon 
this brief life as a ])ririiitivc arrangement among Lo])ido])tera, any 
more than we do upon the absence of wings in the female P\!fcJil(l(ie\ 
shortening of life here is therefore clearly explicable. 

In such cases have we any riglit to speak of the fatal circct of 
reprr)duction ? AVc may certainly say that these insects die of 
exhaustion ; their vital strength is used up in the last effort of 
laying eggs, and in the ease of the males, in the act of copulation. 
Reproduction is liere certainly the most a])])ai’ent cause of death, 
but a more remote and deeper cause is to be found in the limita- 
tion of vital strength to the lengtii and the necessary duties of 
the reproductive period. Tlie fact that there arc female Lepi- 
doptera wliicli, like the emperor- moths, do not feed in the 
imago-stat(L proves the truth of this statement. They still 
possess a mouth and a (‘omj)lete alimentary canal, but they have 
no spiral ‘tongue,’ and do not take food of any kind, not even a 
drop of water. They live in a torpid condition for days or weeks 
until fertilization is accomplished, and then they lay their eggs and 
die. The habit of extracting honey from flowers — common to most 
hawk-moths and butterflies — would not have thus fallen into 
disuse, if the store of nutriment, accumulated in the form of the fat- 
bodies, during the life of the caterpillar, had not been exactly 
sufficient to maintain life until the completion of oviposition. The 
fact that the habit of taking food has been tlius abandoned is a 
j)roof that the duration of life l)eyond the reproductive 2)eriod would 
not be to the advantage of the S2)ecies. 

The protraction of existence into old age among the higher 
Metazoa jnnves that death is not a necessary consequence of repro- 
duction. It seems to me that Gdtte’s statement * that the 
appaarances of senility must not be regarded as the general cause 
of death ’ is not in o])2)osition to my opinions but rather to those 
which receive general acceptance. I have myself pointed out that 
‘death is not always preceded by senility or a [)eriod of old 
age 

The materials are wanting for a comprehensive investigation of 

* See the first essay on ‘ The Duration of p. 21. 
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the caus<es which first introduced this period among* the higher 
Metazoa ; in fact the most fundamental data are absent, for we do 
not even know the part of the animal kingdom in which it first 
appeared : we cannot even state the amount by which the duration 
of life exceeds that of the period of reproduction, or what is the 
value to the species of tliis last stage in the life of the individual. 

It is in these general directions that we must seek for the sig- 
nificance of old age. It is obviously of use to man, for it enables 
the old to care for tlu'ir children, and is also advantageous in enabling 
the older individuals to ])arti{*ipate in human affairs and to exer- 
cise an influence upon the advancement of intellectual powers, and 
thus to influence indirectly the maintenance of the race. But as 
soon as we descend a step lower, if only as far as the api's, accurate 
facts im) wanting, for we arc, and shall prol)ably long be, ignorant 
of the total duration of their life, and the point at which the period 
of reproduction ceases. 

I must here break off in the midst of these considerations, rather 
than conclude them, for much still remains to be said. 1 hope, 
nevertheless, that 1 have tlirown new light u])on some imj)ortant 
points, and 1 now pro])Osc to conclude with the following short 
abstract of the rcsulf.s of my empiiry. 

r. Natural death occurs only among multicellular beings ; it 
is not found among unicellular organisms. The process of encyst- 
ment in tlu^ latter is in no way comparable with death. 

IT. Natural death first ai)pears among the lowest IIctcro]>lastid 
Metazoa, in the limitation of all the cells collectively to one 
geiUTation, and of the somatic or body-cells pro])er to a restricted 
period : the somatic cells afterwards in the higher Metazoa came to 
last several and even many generations, and life was lengthened to 
a Corresponding degree. 

III. This limitation went hand in hand with a differeniiation 
of the cells of the organism into reproductive and somatic cells, 
in accordance with the ])rincij)le of division of labour. This diffe- 
reniiation took place by the operation of natural selection. 

IV. The fundamental biogenctic law a])])lies only to multi- 
cellular beings; it does not apply to unk'cllular forms of life. 
This depends on the one hand upon the mode of reproduction by 
fission which obtains among the Monoplastides (unicellular or- 
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ganisms), and on ilie otlier upon the necessity, induced by sexual 
reproduction, for the maintenance of a \inicellular stage in the 
development of tlie Polyplastides (multicellular orgauisms). 

V. Death itself, and the longer or shorter duration of life, 
both de})end entirely on adaptation. Death is not an essential 
attribute of living matter ; it is neither necessarily associated with 
reproduction, nor a necessary consequence of it. 

In conclusion, I should wish to call attention to an idea which is 
rather implied than exi)ressed in this essay : — it is, that reproduc- 
tion did not first make its appearance coincidently with death. 
Reproduction is in truth an essential attribute of living matter, just 
as is the growtli which gives rise to it. It is as impossible to 
imagine life enduring without reproduction as it would be to 
conceive life lasting without the capacity for absor])tion of food 
and without the power ol‘ metabolism. Life is continuous and 
not periodically interrupted : ever since its first appearance upon 
the earth, in the lowest organisms, it has continued without break ; 
the forms in which it is manifested have alone undergone change, 
lilvery individual alive to day — even the very highest — is to be 
derived in an unbroken line from the first and lowest forms. 
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PREFACE. 

The ideas dev"elo2)cd in this essay were first expressed during 
tlie past \viiit(n' in a lecture delivered to the students of this Uni- 
versity (Fri'ihuri*’), and th(‘y wiu’e shortly afterwards — in February 
and the bej^*! lining* of ]\rareh — written in their present form. 
I mention this, because I mi^ht otherwise be reproached for a 
somewhat ])ai*tial use of tlie most recent publications on related 
subjects. Tlius J did not recedve Oscar llcrtwii>*’s paper — ‘ Contri- 
butions to the ^J^hoory of Heredity’ (Ziir Theorie der Vererbun^), 
until after T had (inished writinn* my essay, and I could not there- 
fore make as much use of it as I should otherwise have done. 
Furthermore, the ])aper by Kdlliker on ‘ The Siomificance of the 
Nucleus in the Phenomena of Heredity ’ (Die Betleutung* der Zell- 
kerne fur di(i Yoro‘iin^f*e der Vererbung*), did not appear until after 
the completion of my manuscript. The essential treatment of the 
subject would not, however, have been altered if I had received the 
papers at an earlier date, for as far as the most important point — the 
siguiilicance of the nucleus — is concerned, my views arc in accord- 
ance with those of both the above-named investigators ; while the 
points ujion which our views do not coincide had already received 
attention in the manuscript. 


1. iniETSGAU, 
Jane i6, 1SS5. 


A. W. 
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THE CONTINUITY OF THE CERM-PI.AS^I AS THE 
FOUNDATION OF A THEORY OF HEREDITY. 

Introduction. 

When wc see that, in the hi^-her or<)[*nnisms, the smallest 
structural details, and the most minui,c peculiarities of bodily and 
mental disposition, arc transmitted from one i>'oneration to another; 
when wc find in all species of ])lants and animals a thousand 
characteristic peculiarities of si.ructure continued unchani>'ed throug’h 
lon^ series of generations ; when wc even see them in many cases 
unchanged throughout whole geological ])erio(ls ; we very naturally 
ask for the causes of such a striking jdienomenon : and en([uirc how 
it is that such facts become possible, bow it is that tlu^ individual is 
able to transmit its structural features to ii^s odspving with such 
precision. And the immediate answer to such a ([uestion must be 
given in the following terms : — ^ A single cell out of the millions 
of diversely dilfercntiatcd cells which compose the bod)^, becomes 
specialized as a sexual cell ; it is thrown olf from the organism 
and is ca})ablc of reproducing’ all the peculiarities of the parent 
body, in the new individual which springs from it by cell-division 
and the complex j)rocess of dillcrentiation.’ 'Ihen the more precise 
(juestion follows : ‘ How is it that such a single coll can reproduce 
the lout ensemhle of the parent with all the faithfulness of a 
portrait ? ’ 

The answer is extremely difficult ; and no one of the many 
attem2)ts to solve the problem can be looked u2)on as satisfactory; 
no one of them can be regarded as even the beginning of a solution or 
as secure foundation from which a complete solution may be 
expected in the future. Neither Hiickers^, ‘ Perigonesis of the 
Plastidule,’ nor Darwin’s ^ * Pangenesis,’ can be regarded as such a 
beginning. The former hypothesis docs not really treat of that 

’ Hlickel, ‘ lleber die Wellenzeugiuig der Lcbenstheilchen etc.,’ Berlin, 1876. 

^ Darwin, ‘The Variation of Animals and Plaiiis under Domestication,’ vol. ii. 
1875, chap, xxvii. pp. 344-399* 
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part of the problem wjiieh is here plaeed in the foreground, viz. 
the explanation of the (act that tlie tendencies of heredity are 
present in single cells, hut ii^ is raihcr concerned witli the question 
as to the manner in which it is possible to conceive the trans- 
mission of a certain tendency of development into the sexual cell, 
and ultimately into the organism arising from it. dlie same may 
be said of the hypothesis of I lis who, like J liickel, regards heredity 
as the transmission of (ieriain kinds of motion. On the other hand, 
it must be conceded that Darwin’s Iiypothesis goes to the very'root 
of the qiieslioTi, but he is (*ontent to give, as it were?, a provisional 
or purely formal solution,- which, as he himself says, does not claim 
to allbrd insight into the real phenomena, but only to give us 
the o]iportunity of lookings at all the facts of heredity from a 
common standpoint. It has adiicn'cd tliis end, and J believe it 
has unconsciously done more, in that the thoroughly logical ap- 
plicaiion of its princi])les has shown that the real causes of 

heredity cannot lie in the formation of gemmules or in any 

allied ])henomena. The improbabilities to which any such theory 
would lead are so groat that we can aflirrn with certainty 

that its details cannot accord with existing facts. further- 

more, llrooks’ ^ well- con side red and brilliant attempt to modify 
the ilu'ory of Pang(‘nesis, cannot escajH) the ro])roach that it 
is based u])on ])ossibilities, which one might (aatainly describe as 
improbabilities. Hut although T am of ojnnion that the whole 
foundation ol’ the theory of Pangenesis, however it may be modified, 
must be abandoned, T think, ncvTrtheless, its author deserves 
great credit, and that its jiroduction has been one of those indirect 
roads along which science has been compelled to travel in order to 
arrive at the truth. Pangenesis is a modern revival of the oldest 
theory of heredity, ihat of Democritus, according to which the 
sperm is sccret('d from all 2)arts of the body of both sexes during 
copulation, and is animated by a bodily force ; according to this 
theory also, t he s])erm from each part of the body reproducers the 
same part't 

‘ * Unsrc Korj)erform etc./ Leipzig, 1S75. 

Erooks, ‘The Law of Heredity/ Jhiltimore, 1SS3. 

^ Lalton’rt experinienta 011 transfusion in Habbits have in the mean time really 
proved that Darwin’s geininules do injt exist. lioth indeed states that Darwin has 
never nuiintained that his geiniimles make use of the circulation as a medium, but 
while on the one hand it cannot be shown why they should fail to take the 
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If, according to the received physiological and morphological 
ideas of the day, it is impossible to imagine that gcmmules j)ro- 
duced by each cell of the organism arc at all times io be ibimd in 
all parts of the body, and furthermore that these gemimilcs arc col- 
lected in the sexual cells, which aro then able to again vc])roduce in 
a certain order each separate cell of the organism, so that each 
sexual cell is capable of developing into the likeness ot* the ])arent 
body; if all this is inconceivable, we must enquire for some other 
way*in which we can arrive at a foundation for the true nndcr- 
standing of heredity. My present task is not to deal with the 
whole question of heredity, but only with the single although 
fundamental question — ‘ TIow is it that a single cell of the body 
can contain within itself all the hereditary tendencies of the whole 
organism?’ I am here leaving out of account the further ([lies- 
tion as to the forces and the mechanism by which these ten- 
dencies are develo])cd in the building-up of the organism. On 
this account I abstain from considering at ])resent the views of 
Niigcli, for as will be shown later on, tiny only slightly touch this 
fundamental question, although they may certainly claim to bo of 
the highest importance with respect to the further (pieslion alluded 
to above. 

Now if it is impossible for the germ-cell to bo, as it were, 
an extract of the whole body, and for all the colls of the organism 
to despatch small particles to the germ-cells, from which the 
latter derive their power of heredity; tlu'n there', remain, as it 
seems to me, only two other ])ossible, physiologically conceivable, 
theories as to the origin of germ-cells, manifesting such powers as 
we know they possess. Either the substance of the ])avent germ- 
cell is capable of undergoing a series of changes which, after the 
building-up of a. new individual, leads back again to identical germ- 
cells ; or the germ-cells are not derived at all, as far as their 
essential and characteristic substance is concerned, from the body of 

favourable opportiiuitics aifnrded by such a iiicdiuin, iiiasiuucli as they are said to be 
constantly circulating through the body ; so on tlie otlier liaiid wo caniint understand 
how the gemmules could contrive to avoid the circulation. Darwin has acted very 
wisely in avoiding any explanation of the exact course in wliich his gemmules 
circulate. He ollercd his hypothesis as a formal and not as a real ex[)laiiation. 

Professor Meldola points out to me that DarAvin did nut admit tliat (Jalton’s ex- 
periments disproved pangenesis (‘ Nature,’ April 27, 1871, p. 502), and (lalton also 
admitted this in the next number of * Nature ’ (May 4, 1871, p. 
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the individual, but they are derived directly from the parent g'erm- 
cell. 

I believe that the latter view is the true one : I have expounded 
it for a number of years, and have attomplcd to defend it, and to 
work out its further details in various publications. I propose to 
call it the theory of ‘ Tlie Confinuity of the derm-plasm,^ for it is 
founded u];on the idea that heredity is brouo’lit about by the trans- 
ference from one ^•eneration to another, of a substance with a defi- 
nite chemical, and above all, molecular constituiion. 1 have ctilled 
this substance ‘ o*erm-phism,’ and have assumed that it possesses 
a hi^*lily com])lex structure, con feiTini:»* upon it the power of de- 
velo])ini»’ inio a eomph'X or^-anism. T have attemj)ted to explain 
heredity by supposini** that in each ontoo*eny, a part of the specific 
^•erm-})lasm contained in the ])arent e<:>*,j^-cell is not used up in the 
constriKition of the body of the offspring, hut is reserved unchanged 
for the formation of the gerrn-cclls of the following generation. 

It is clear that this view of the origdii of gorm-ce1ls exjdains the 
jdienomena of heredity viuy simply, inasmuch as heredity becomes 
thus a (piestion of growth and of assimilation, — the most funda- 
mental of all vital ])henomena. If tlie germ-cells of successive 
g'enerations are directly continuous, and i.hiis only form, as it were, 
dilferent parts of the same substance, it follows that these cells 
must, or at any rate may, [lossess the same molecular constitution, 
and tliat they would therefore pass through exactly the same stages 
under certain conditions of development, and wouhl form the same 
final product. The hyi)othcsis of the continuity of the germ-plasm 
gives an identical starting’-point to each successive generation, and 
thus ex])lains how it is that an identical product arises from all of 
them. In other words, th(5 hyjiothesis explains heredity as part of 
the underlying problems of assimilation and of the causes which act 
directly during ontogeny; it therefore builds a foundation from 
which the explanation of these phenomena can be attempted. 

It is true that this theory also meets with difficulties, fpr it 
seems to be unable to do juslice to a certain class of phenomena, viz. 
the transmission of so-called accpiircd characters. I therefore gave 
immediate and special attention to this point in my first publi- 
cation on heredity \ and I believe that I have shown that the 

^ Weismann, ‘TJeber die Vercrbuiig.’ Jena, 1883; translated in the present volume 
as tbe second essay ‘ On Heredity.’ 
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hypothesis of the transmission of acquired diameters — up to that 
time o'cnerally accepted — is, to say the least, very far from beini];* 
proved, and that entire classes of facts which have been interpreted 
under this hypothesis may be (piite as W(‘ll interpreted otherwise, 
while in many cases they must be exjilained dillerently. T have 
shown that there is no ascertained fact, which, at least up to the 
present time, remains in irrevocable conllict with the hypothesis of 
the continuity of the ^crm-plasrn ; and 1 do not know any reason 
why •! should modify this opinion to-day, for I have not heard of 
any objection which appears to be feasible. E. Roth ^ has ol)jectcd 
that in pathology we everywhere meet with the fact that acquired 
local disease may be transmitted to the otlsjmn^* as a predispo- 
sition ; but all such cases are exposed to the serious criticism that 
the very i)oint that first needs to be placed on a secure looting is 
incapable of proof, viz. tlie hyj)othesis that the causes which in each 
particular case led to the predisposition, wi're really acifuired. 
It is not my intention, on the ju’esent occasion, to enter fully 
into the (juestion of acquired characters ; 1 hope to be able to 
consider the subject in i>Teater detail at a fuiaire date. Rut in 
the meantime 1 shoidd wish to point out that we ou^*ht, above 
all, to be clear as to what we really mean by the expri'ssion ‘ ac- 
quired character.’ An organism cannot ac([uirc anythin unless it 
already possesses the ])redisposition to ac(juire it : accpiired cha- 
racters are thei*elbrc no more than local or sometimes j^eneral 
variations which arise under the stimulus provided ly certain ex- 
ternal inlluences. If by the lonii^-continued handling* of a rille, the 
so-called ‘ Exercierknochen ’ (a bony o-rowtli caused by the pres- 
sure of the weapon in drillin<>*) is developed, such a result depends 
upon the fact that the bone in (question, like every other bone, con- 
tains within itself a predisposition to react upon certain mechanical 
stimuli, by growth in a certain direction and to a certain extent. 
The predisposition towards an ‘ Exercierknochen ’ is thereJbre alrc'ady 
present, or else the ^i>Towth could not be formed ; and the same 
reasoning* a])plies to all oilier ‘accpiired characim*s.’ 

Nothing can arise in an organism unless the jircdisposition to it 
is pre-existent, for every acquired character is sim])ly the reaction 
of the organism upon a certain stimulus. Hence I should never 
have thought of asserting that predispositions cannot be trans- 
^ E. Rotli, ‘ Die Tliatsaclien dcr A^ererbung.’ 2. Auii., Efrlm, T8S5, p. 14. 
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mitted, as E. Rotli appears to believe. For instance, I freely admit 
that tlie predisposition to an ‘ Exercierknoclicn ’ varies, and that a 
stron,i»*ly marked predis])Osition may be transmitted from father to 
son, in the form of bony tissue with a more susceptible constitution. 
Ilut I should deny tliat the son could developo an ‘ bkcrcierknochen ’ 
without haviujcj;* drilled, or that, after having* drilled, he could devclope 
it more easily than his father, on account of the drilling through 
which tlui latter first acquired it. I believe that this is as im- 
possible as that the leaf of an oak should produce a gall, without 
having been pierced by a gall-producing insect, as a result of the 
thousands of antecedemt generat.ions of oaks which have been pierced 
by such insects, and have thus ‘acquired’ the power of producing 
galls. T am also far from asserting that the germ-plasm — which, as 
1 hold, is transmitted as the basis of heredity from one generation to 
another — is absolutely unchangeable or totally uninfluenced by 
forces residing in the organism within which it is transformed 
into germ-cells. I am also compelled to admit that it is conceiv- 
al)lc that organisms may exert a modifying influence upon their 
germ-cells, and even that such a ])rocess is to a certain extent in- 
evitable. The nutrition and growth of the individual must exercise 
some influence upon its germ-cells ; but in the first place this in- 
lluence must b(i extremely slight, and in the second place it cannot 
act in the manner in which it is usually assumed that it takes place. 
A change of growth at the periphery of an organism, as in the case 
of an ‘ Excreierknochen,’ can never cause such a change in the mole- 
cular structure of the gt'rm -plasm as would augment the predis- 
position to an ‘ Exercierknochen,’ so that the son would inherit an 
increased susceptibility of the bony tissue or even of the particular 
bone in question. Eut any change produced will result from the 
reaction of the germ-cell upon changes of nutrition caused by 
alteration in growth at the periphery, leading* to some change 
in the size, number, or arrangement of its molecular units. In the 
present state of our knowledge there is reason for doubting whether 
such reaction can occur at all ; but, if it can take place, at all events 
the quality of the change in the germ-plasm can have nothing to 
do with the quality of the acquired character, but only with the 
way in which the general nutrition is influenced by the latter. In 
the case of the ‘Exercierknochen’ there would be practically no 
change in the general nutrition, but if such a bony growth could 
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reach the size of a carcinoma, it is conceivable that a disturbance of 
the "“cneral nutrition of the body mi^ht ensue. Certain experi- 
ments on plants — in Avhich Nai>*eli showed that they enn be sub- 
mitted to strongly varied conditions of nutrition for several <>-enera- 
tions, without the production of any visible hereditary change — 
show that the inlluence of nutrition upon the ^’erm-c(‘lls must be 
very sli<»“ht, and that it may j)ossibly leave the molecular structure 
of the ^erm-plasm altogether untouched. This conclusion is also 
suppdVtcd by comparing* the uncertainty of these resuli.s with the 
remarkable precision with which heredity acts in the case of those 
characters which arc known to be transmitted. In fact, up to the 
present time, it lias never been proved that any chan^’es in ij;*eneral 
nutrition can modify the molecular structure of the i>'erm-plasm, 
and far less has it beim rendered liy any means ])robal)le that 
the ^•erm-cells (*an be allected by acfpiin'd ehano’cs which liave no 
influence on <4'eneral nutrition. Jf wo consider that each so-called 
predisposition (that is, a. ])Ower of reacting* upon a certain stimulus 
in a certain way, possessed by any or^nnism or liy one of its 
parts) must lie innate, and furtlier that each ac([uired character is 
only the predisposed reaction of some jiart of an org*anism upon 
some external inlluence ; then we must admit that only one of the 
causes which produce any acipiircd character can be transmitted, 
the one which was jiresent liefore the cliaracter itself appeared, viz. 
the predisposition ; and we must further admit that the latter 
arises from the ‘»’erm, and that it is (piite immaterial to the follow- 
ing g.eneration whether such predisposition comes into op(‘ration or 
not. The continuity of the «‘erm-plasm is amjily sufficient to 
account for such a phenomenon, and T do not believe that any 
objection to ray hypothesis, founded upon the actually observed 
phenomena of heredity, will be found to hold. If it be accepted, 
many facts will apjiear in a li<>*ht dillerent from that which has been 
cast upon them by the hyiiothcsis which has been hitherto received, 
— a jjiypothesis which assumes that the ori'*anism produces i»'erm- 
cells afresh, af>*ain and again, and that it produces them entirely 
from its own substance. Under the former theory the germ-cells 
are no longer looked upon as the product of the parent’s body, at 
least as far as their essential part — the specific germ-plasm — is 
concerned : they are rather considered as something which is to be 
placed in contrast with the tout eimmhlc of the cells which make 
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up the parent’s body, and the germ-eclls of succeeding* generations 
stand in a similar relation to one another as a series of generations 
of unicellular organisms, arising by a continued process of cell- 
division. It is true that in most cases the generations of germ-cells 
do not arise immediately from one another as complete cells, but 
only as minute ])articles of genu-plasm. This latter substance, 
however, forms the foundation of the germ-cells of the next genera- 
tion, and si,am})s them with their specific character. Previous to 
the publication of my theory, (J. Jiiger \ and later M. Nnssbium^, 
have expressed ideas upon heredity which come very near to my 
own Poth of these writers started with the hy])othcsis that there 

^ .liiger, ‘ Li-lirlmcli dcr allgenieineri Zoologie,’ Ikl. IT. Leipzii^, 1S7S. 

^ M. Nussbjiuni, ‘J)io 1 )itrerenzirini«,^ des Gcfjclilcclits iiii Thicirreicli/ Arch. f. 
Mikrosk. An/it., lid. XVII J. iS<So. 

I have since learnt that Professor Rauber of Dorpat also expressed siinilar 
views ill iSSo; and Professor Herdnian of Liverpool informs me that Mr. Francis 
Galton had brought forward in 1S76 a theory of hi'ro<lity of which the fundamental 
idea in some ways approached that of the continuity of the j^erm-jdasni (‘Journal 
of the Anthropological Institute,’ vol. v ; Jjondon, 1876'). — A. W., 18S8. 

[A less complete tlieory was brought forward by Galton at an earlier date, in 
1873 (see Proe. Uoy. Soe. No. 136, p. 394). In this paper he j)roposed the idea that 
heredity chiefly depends upon the development of the oilspring from elements directly 
derived from the fertilized ovum which had produced the parent. Galton speaks of 
the fact that ‘ each individual may properly be conceived as consisting of two parts, 
one of wbich is latent and only known to ns by its eflecbs on bi.s posterity, while the 
other is patent, and constitutes the person manifest to our senses. The adjacent and, 
in a broad .sense, separate lines of growth in which the patent and latent elements 
are situated, diverge from a eoininoii group and converge to a common contribution, 
because they were both evolved out of elements contained in a structureless ovum, 
and they, jointly, contribute the elements which form the structureless ova of their 
offspring.’ ^Phe following diagram shows clearly ‘that the span of each of the links in 
tlie general chain of heredity extends from one structureless stage to another, and 
not from person to ])er.son : — 

Structureless elements J ... Adult Father ... ) structureless elements 
in Father ( ... I.,atent in Father . . . ) in Offspring.’ 

Again Galton states — ‘ Out of the structureless ovum the embryonic elements arc 
taken . . . and these are developed {a) into the visible adult individual ; on the 
other hand . . ., after the embryonic elements have been segregated, the large 
residue is developed {h) into the latent elements contained in the adult individual.’ 
The above quoted sentences and diagram indicate that Galton does not derive the 
whole of the hereditary tendencies from the latent elements, but that he ‘believes 
some effect is also produced by the patent elements. When however he contrasts 
the relative power of these two influences, he attaches comparatively little importance 
to the patent elements. Thus if any character be fixed upon, Galton states that it 
‘may be conceived (1) as purely personal, without the concurrence of any latent 
equivalents, (2) as personal but conjoined with latent equivalents, and (3) as existent 
wholly in a latent form.’ He argues that the hereditary power in the first case is 
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must be a direct connexion between the s^erm-cells of succeeding 
generations, and they tried to establisli such a continuity by sup- 
posing that the gcrm-cells of tlie oHspring arc sei)aratcd from the 
parent germ-cell before the beginning of cinl)iy()nic development, 
or at least before any histological differentiation has taken place. 
In this form tlieir suggestion cannot be maintained, for it is in 
conflict with numerous facts. A continuity of the germ-cel/r'i does 
not now take place, except in very rare instances ; but this flxet 
does not prevent us from ado])ting a theory of the continuity of 
the geYm-j)la,wi^ in favour of which much weighty evidence can be 
brought forward. In the following pages I shall attempt to develo])e 
further the theory of which I have just given a short account, to 
defend it against any objections which have been brought forward, 
and to draw from it new conclusions which may perhaps enable us 
more thoroughly to ap])reciatc facts which arc known, ])ut im- 
perfectly understood. It seems to me that this theory of the con- 
tinuity of the germ-plasm deserves at least to be examined in all its 
details, for it is the simplest theory upon the subject, and the one 
which is most obviously suggested by the facts of the case, and wo 
shall not be justified in forsaking it for a more complex theory 
until proof that it can be no longer maintained is forthcoming. 
It does not presuppose anything except facts which can be observed 
at any moment, although they may not be understood, — such as 
assimilation, or the develo])ment of like organisms from like germs ; 
while every other theory of heredity is found ('d on hypotheses which 
cannot be proved. It is nevertheless j)ossible that continuity of 
the germ-plasm does not exist in the manner in which I imagine 
that it takes i^lace, for no one can at ju’csent decide whether all the 


exceedingly feeble, because ‘ the cifecta of the nse and disuse of limbs, and those of 
habit, are transmitted to posterity in only a very slight degree.’ He also argues that 
many instances of the supposed transmission of personal characters are really due 
to latent equivalents. ‘The personal manifestation is, on the average, though it 
need #iot be so in every case, a certain proof of tlie existence of latent elements.* 
Having argued that the strength of the latter in heredity is further 8upi)orted by 
the facta of reversion, (.Jalton considers it is safe to conclude ‘tliat the contribution 
from the ])atent elements is very much less than from the latent ones.’ In the 
later development of his theory, Galton adheres to the conccj)tion of ‘ gemmules ’ 
and accepts Darwin’s views, although ‘ with considera])lc modification.’ Together 
with pangenesis itself, Dalton’s theory must be looked upon iib prpJ'oj'mationaJ, and 
so far it is in opposition to Weismann’s theory which is epi^enflic. See Appendix 
IV. to the next Essay (V.\ pp. 316-319. — E. H. 1 ’.] 
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ascertained facts agree with and can he explained by it. Moreover 
the ceaseless activity of research brings to light new facts every 
day, and I am far from maintaining that my theory may not be 
disproved by some of those. .But even il' it should have to be 
abandoned at a later period, it seems to me that, at the present time, 
it is a necessary stage in the advancement of our knowledge, and 
one wliich must be brought forward and passed through, whether 
it prove right or wi*ong, in the future. Tn this spirit T offer the 
following considerations, and it is in this spirit that T should Avish 
them to be received. 


1 . Ttin Germ-plasm. 

I must first define precisely the exact meaning of the term 
germ-plasm. 

Tn my jirevious wrif.ings in which the subject has been alluded 
to, I have simjdy spoken of germ-jdasm without indicating more 
precisely the part of the cell in which we may expect to find this 
substance — the bearer of tlic characteristic nature of the species 
and of the individual. In the first place such a course was suflicient 
for my immediate purjiose, and in the second jdaco the number of 
ascertained facts a])])cared to be insuflieient to justify a more exact’ 
definition. 1 imagined that the gerin-])lasm was that jiart of a 
germ-cell of which the chemical and physical properties — including 
the molecular structure — enable tiic cell to become, under appro- 
])riatc condif.ions, a, new individual of the same species. T therefore 
believed it to be some such substance as Niigeli ^ shortly afterwards, 
called idioplasm, and of which he attempted, in an admirable 
manner, to give us a clear understanding. T^ven at that time 
one niig-ht have ventured to suggest that the organized substance 
of the nucleus is in all jirobability the bearer of the j)henomcna of 
heredity, but it was impossible to speak upon this point with any 
degree of certainty. O. Jlertwig^ and Fol had shown that the 
process of fertilization is attended by a conjugation of nuclei, and 
Hertwig had even then distinctly said that fertilization generally 

^ ‘ Mechanisch-pliysiologische Tlieorie der Abstammungslehre.’ Miinchen 

u. Leipzig, 1884. 

^ O. Hertwig, ‘ Hcitriige zur Kenntniss der Bildung, Befruclitung und Theilnng 
des thierischeii Eies.’ Leipzig, 1876. 

" Fol, ‘ Kccliendies snr la fecondation, etc.’ Geneve, 1879. 
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depends upon the fusion of two nuclei ; but the possibility of the 
co-operation of the substance of the two i»*orm-cells could not be 
excluded, for in all the observed cases the s})erin-cell was very small 
and had the form of a spermatozoon, so that the amoimt of its cell- 
body, if there is any, coalesciniif with the female Ci^ll, could not be 
distinctly seen, nor was it possible to determine tlu^ manner in 
which this coalescence took place. Furthermore, it was for some 
time very doubtful whether the spermatozoon really contained 
true buclcar substance, and even in 1879 Fol was forced to the con- 
clusion that these bodies consist of cell-substance alone. In the 
following* year my account of the sperm-cells of DapJniidae followed, 
and this should have removed every doubt as to the cellular nature 
of the sperm -cells and as to their possession of an entirely normal 
nucleus, if only the authorities upon the subject had paid more 
attention to these statements^. In the same year (t(S8o) Ilalfour 
summed up the facts in the following manner — ‘ The act of impreg- 
nation maybe described as the fusion of the ovum and s])ermai,ozoon, 
and the most important feature in this act appears to bo the fusion 
of a male and female nucleus^.’ It is i.ruc that Calberla had already 
observed in PeiromijzoUy that the tail of the s])ermatozoon does not 
penetrate into the egg, but remains in the microi)yl(; ; but on the 
other hand the head and part of the ‘ mlddle-])iece ^ which effect 
fertilization, certainly contain a small fraction of the cell-body in 
addition to the nuclear sul)stance, and although the amount of the 
former which thus enters the egg must be very small, it might never- 
theless be am])ly suflicient to transmit the tendenci(‘S of heredity. 
Niigeli and Ffluger rightly asserted, at a later date, that the 
amount of the substance which forms the basis of heredity is neces- 
sarily very small, for the foct that her(‘ditary tendencies arc as 
strong on the j)aternal as on the maternal sid(^, forces us to assume 
that the amount of this substance is nearly equal in both male 
and female germ-cells. Although I had not published anything 
upoi^ the point, I was myself inclined to ascribe considerable 

1 Kolliker formerly stated, and has again repeated in his most reeent publication, 
that the spermatozoa (‘ Samenfaden ’) are mere nuclei. At the same time he re- 
cognizes tho existence of sperm-cells in certain species. Jbit i)roots of the former 
assertion ought to be much stronger in order to be su/Hcieiit to sui)port so improbable 
a hypothesis as that the elements of fertilization may possess a varying morpho- 
logical value. Compare Zeitschr. f. wiss. Zool., Bd. XLIT. 

* F. M. Balfour, ‘ Comparative Embryology,’ vol. i. p. 69. 
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importance to the cell -substance in the process of fertilization ; 
and I had been especially led to adopt this view because my 
investigations upon Baphnidae had shown that an animal produces 
large sperm-cells with an immense cell-body whenever the economy 
of its organism j)ormits. All Baphnidae in which internal fertiliza- 
tion takes place (in which the sperm-cells are directly discharged 
upon the unfertilized egg), produce a small number of such large 
si)erm-cells [Sida^ Polj/jdHiWKs^ Bjjthoh'ephes) ; while all species 
with external fertilization i^Daphiidae^ Li/nreinae) ])roduco very 
small sperm -cells in enormous numbers, thus making up for the 
immense chances against any single cell being able to reach an 
egg. ITence the smaller the chances of any single s])erm-cell 
Ijcing succ(\ssful, the larger is the number of such cells produced, 
and a direct result of this increase in number is a diminution 
in size. But why should the sperm-cells remain or become so 
large in the species in which fertilization is internal ? Tlie idea 
suggests itself that the species in this way gains some advantage, 
which must be given up in the other cases; although such ad- 
vantage might consist in assisting the develo])ment of the fertilized 
ovum and not in any increase of the true fertilizing substance. At 
the present time we are indeed disposed to recognize this advantage*, 
in still more unimportant matters, but at that tiiric the ascertained 
facts did not justify us in tlie assertion that fertilization is a mere 
fusion of nuclei, and M. Nussbaum^ (piite correctly expressed the 
state of our knowknlge when he said that the act of fertilization 
consisted in ‘ the union of identical parts of two homologous cells.’ 

rtliiger’s discovery of the ‘ isotrojusm ’ of the ovum was the 
first fact which distinctly pointed to the conclusion that the bodies 
of the germ-cells have no share in the transmission of hereditary 
tendencies. He showed that segmentation can be started in 
different parts of the body of the egg, if the latter be permanently 
removed from its natural position. This discovery constituted an 
important proof that the body of the egg consists of a uniform 
substance, and that certain parts or organs of the embryo cannot 
be potentially contained in certain parts of the egg, so that they 
can only arise from those respective ])arts and from no others. 
Plluger was mistaken in the further interpretation, from which he 
concluded that the fertilized ovum has no essential relation to the 

* Arch. f. uiikr. Auat., Hd. 23. p. 182, 1884. 
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organization of the animal siihsoquently formed hy it, and that it 
is only the recurrence of the same external conditions which 
causes the germ-cell to develo])c always in the same manner. The 
force of graAdty was the first factor, which, as PIliiger thought, 
determined the building up of the embryo : but he o\ erlookcnl the 
flict that isotro])ism can only be referred to the body of the egg, 
and that besides this cell-body there bs also a nucleus ])reseut, from 
which it was at lea,st possible that regulative inlluences might 
emanfite. TI])on this point Born ^ first showed that the ])osition of 
the nucleus is changed in eggs vvdiich are thus placed in unnatural 
conditions, and he proved that the niuileus must contain a ])rinciplc 
which in the first place diri'cts the formation of the embryo, lloux*-^ 
further showed that, even when the effect of' gravity is comjiensated, 
the development is contimuMl unchanged, and he theretbre concluded 
that the fertilized egg confains within itself all the forces necessary 
for normal development. Pinally, O. llertwig'*^ jirov^ed from observa- 
tions on the eggs of sea-urchins, that at any rate in th('S(‘ animals, 
gravity has no directive influence ujion segmentation, buti that the 
position of the first nuclear sjundle decides the diri'ction which will 
be taken by the first divisional ])lane of segmentation. These 
observations were however still insuflicient to prove that fertiliza- 
tion is nothing more than the fusion of nuclei k 

A further and more iiujiortaut stej) was takiui when lb van 
Beneden '' observed the ju’oeess of fertilization in jUcarl^s incffalo- 
cepJiala. Like the investigations of Nussbaum ujion the same sub- 
ject, published at a raiher earlier date, van Beneden’s observations 
did not altogether exclude the ])ossibility of the participation of the 
body of the sperm-cell in the real jirocess of Jertilization ; still the 
fact that the nuclei of the egg-cell and the sperm -cell do not 

’ Born, ‘ Biolojrische UTitersnclimi^cn/ Arcli. Alikr. Aiiut., Ikl. XXIV. 
iloiix, ‘ ziiiri Entwicklnii<,^amecluiTiisHms doH Eiiihryo,’ i(S<S.j. 

^ 0 . Hortwii;-, ‘ W'eldieri EiiiflnsH lila die Sc])werkraft,’ oto. .lena, 1SS4. 

* [Our present knowledge of the development of veget;d)le ova (including the 
positioji of the parts of tlie embryo) is also in favour of the view that it is not in- 
fluenced by external causes, such as gravitation and light. It takis [)lacc in a 
manner characteristic of the genus or s[)ecies, and essentially depends on other causes 
which are fixed by heredity, see Heinriclicr ‘Beeinflusst das Liclit die Organanlage 
am Earnembryo ? ’ in Mittheiluiigen aus dom .liotanischeji Jjistitute zu Oraz, II. 
Jena, 1.S88. — S. S.] 

■'* E. van Bcncdcii, ‘ Bcclierches sur la maturation de romf,’ etc., i<SS3. 

® M. Nussbaum, ‘Ueber die Veriinderung der Oeschlcchtsprodukte bis zur Ei- 
furcliuDg,’ Arcli. Mikr. Amit., 18S4, 

N 



178 THE CONTINUITY OP THE GERM-PLASM AS THE 


coalesce irregularly, but that their loops arc placed regularly opposite 
one another in pairs and thus form one new nucleus (the first seg- 
mentation nucleus), distinctly pointed to the conclusion that the 
nuclear substance is the sole bearer of hereditary tendencies — that 
in fact fertilization depends upon the coalescence of nuclei. Van 
Bencden himself did not indeed arrive at these conclusions : he was 
prepossessed with the idea that fertilization depends upon the union 
of two sexually difierentiated nuclei, or rather half-nuclei — the male 
and female ])ronuclei. He considered that only in this way could a 
single com])lete nucleus be formed, a nucleus which must of course 
be hermaphrodite, and he ])elicved that the essential cause of further 
development lies in the fact that, at each successive division of 
nuclei and cells, this hermaphrodite nature of the nucleus is main- 
tained by the longitudinal division of the looj)s of each mother- 
nucleus, causing a uniform distribution of the male and female 
loops in both daughter-nuclei. 

But van Jleneden undoubtedly deserves great credit for having 
constructed the ibundation upon which a scientific theoiy of heredity 
could be built. It was only necessary to replace the terms male 
and female pronuclei, by the terms nuclear substance of the male 
and female i)arents, in order to gain a stai’ting-point from which 
further advance l)ecamc possible. This step was taken by Stras- 
burger, who at the same time brought forward an instance in 
which the nucleus only of the male germ-cell (to the exclusion of 
its cell-body) reaches the egg*-cell. lie succeeded in exjdaining 
the process of fertilization in Phanerogams, which had been for a 
long time involved in obscurity, for he proved that the nucleus of 
the sperm-cell (the j)ollen-tube) enters the embryo-sac and fuses 
with the nucleus of the egg-cell : at the same time he came to 
the conclusion that the body of the sperm -cell does not pass into 
the embryo-sac, so that in this case fertilization can only depend 
upon the fusion of nuclei h 

* Eduard Strasbur'^er, ^Neue Uiitersucliungen iiber den Befriiclitnnj^^flvorj^ang bei 
den Plianerogamen als (Jriindlage fftr eino Tlieurie der Zouguiig.’ Jena, 1884. 

[It is now generally admitted that, in the Yasciilar Ci’yi)togams, as also in Mossea 
and Liverworta, the bodies of the sj)ermatozoids are formed by the nuclei of the cells 
from which they arise. Only the cilia which they possess, and wliicli obviouNly merely 
serve as locomotive organs, are said to arise from tlie surrounding cytoplasm. It i.s 
therefore in these plants also the nucleus of the male cell which effects the fertilization 
of the ovum. See Gbbol, ‘Outlines of Classification and Special Morphology,’ trans- 
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Thus the nuclear substance must l)e the sole bearer of hereditary 
tendencies, and the lacts ascertained by van llenedcn in the case of 
Ascaris plainly show that the nuclear substance must not only 
contain the tendencies of growth of the parents, but also those of a 
very large number of ancestors. Each of the two nuclei which 
unite in fertilization must contain the germ-nucleoplasm of both 
parents, and this latter nucleoplasm once contained and still contains 
the germ-nucleoplasm of the grandparents as well as that of all 
previous generations. It is obvious that the nucleoplasm of each 
antecedent generation must be rej)resented in any germ-nucleus in 
an amount which becomes less as the numbei* of intervening genera- 
tions becomes greater ; and the proj)ortion can be calculated after 
the manner in which breeders, when crossing races, determine the 
inoportion of pure blood which is contained in any of the descend- 
ants. Thus while the germ-plasm of the latlier or mother constitutes 
half the nucleus of any fertilized ovum, that of a grand])arent only 
forms a (pairter, and that of the tenth generaiion backwards only 
To^i2i> Jiiid so on. The latter can, nevertheless, exercise influence 
over the development of the oflspring, for the ])henomena of atavism 
show that the germ-plasm of very remote ancestors can occasionally 
make itself felt, in the sudden rea2i])ea ranee of long-lost characters. 
Although we are unable to give a detailed account of the way in 
which atavism hap[)ens, and of the circumstances under wfliich it 
takes place, we are at least able to understand how it becomes 
possible ; for even a very minute trace ol* a s])ecilie germ-plasm 
possesses the definite tendency to build up a certain organism, and 
will developc this tendency as soon as its nutrition is, for some 
reason, favoured above that of the other kinds of germ -plasm present 
in the nucleus. Under these circumstances it will increase more 
rapidly than the other kinds, and it is readily conceivable that a 
preponderance in the quantity of one kind of nuclcoiflasm may 
determine its influence upon the cell-body. 

Strasburger — supported by van Beneden’s obseiwations, but in 
opposition to the opinions of the latter — had already exjflained, in 
a manner similar to that described above, the process by which the 
hereditary transmission of certain characters takes place, and to this 

lateil by II. E. E. Garnsey, cclited by I. H. Halfour, Oxford, 1887, p. 203, and 
Douglas H. Campbell, ‘Zur Entwicklungsgeschichte derSpeniiatozoiden,’ in Berichte 
d. deutachen bot. Gesellscbaft, vol. v (18S7), p. 120. — S. S.] 
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extent our opinions coincide. The nature of heredity is based upon 
the transmission of nuclear substance with a specific molecular con- 
stitution. This substance is the specific nucleoplasm of the germ- 
cell, to which I have given the name of germ -plasm. 

O. Ilertwig^ has also come to the same conclusion : at an earlier 
date he had looked upon the coalescence of nuclei as the most 
essential feature in the process of fertilization. He now believes 
that this former opinion has been confirmed by the recent dis- 
coveries which have been shortly described above. 

Although T enfirely agree with Ilcrtwig, as far as the main 
question is coiujerned, I cannot share his opinions when he identi- 
ties Niigeli’s idioplasm with the nucleoplasm of the germ-cell. 
Niigeli’s idioplasm certainly includes the germ-plasm, if I may 
retain this expression for the sake of brevity. Niigeli in forming 
his hypothesis did indeed start with the germ-cells, but his idio- 
])lasm not only represents the nucleoplasm of the germ-cells, but 
also that of all the otlicr cells of the organism ; all tlicse nucleo- 
plasms taken together constitute Nageli’s idioplasm. According 
to Niigeli, the idio])lasm forms a network which extends through 
the whole body, and represents the specific molecular basis which 
determines its nature. Although this latter suggestion — the 
general part of his theory — is certainly valid, and although it is 
of grc'at im])ortance to have originated the idea of idioplasm in this 
general sense, in contrast to the somato-j)lasm Niihrplasma’), it is 
nevertheless true that we are not justified in retaining the details 
of his theory. 

In the first place the idioplasm does not form a directly con- 
tinuous network throughout the entire body ; and, secondly, the 
whole organism is not penetrated by a single substance of homo- 
geneous constitution, but each special kind of cell must contain 
the specific idioplasm or nuclco])]asm which determines its nature. 
There are therefore in each organism a multitude of different 
kinds of idioplasm. Thus we should be quite justified in generally 
speaking of Nageli’s idioplasm as nucleoplasm, and vice versa. 

It is perfectly certain that the idioplasm cannot form a con- 
tinuous network through the whole organism, if it is seated in the 
nucleus and not in the cell-body. Even if the bodies of cells are 

* 0. Ilertwig, *I)as Probleiii der Befruchtung und der Isotropie des Eies.’ Jena, 
18S5. 
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everywhere connected by fine processes (as has been proved in animals 
by Leydig and Ileitzmann, and in plants by various botanists), 
they do not form a network of idioplasm but of somato-jdasm; a 
substance which, according to Nagcli, stands in marked contrast to 
idioplasm. Strasburger has indeed already spoken of a ‘ cyto-idio- 
plasm,’ and it is cerlainly obvious that the cell-body often ])ossesscs 
a specific character, but we must in all cases assume that such a 
character is impressed upon it by the influence of the nucleus, or, 
in other words, that the direction in which tlic cell-substance is 
differentiated in the course of development is determined by the 
quality of its nuclear substance. So far, f-herefove, the deter- 
mining nuclear substance corresponds to the idioplasm alone, 
while the substance of the cell-body must be identified with the 
somafo-plasm (‘ Niihrpla-sma’) of Niigcli. At all events, in practice, 
it will be well to restrict the term idioplasm to the regulative 
nuclear suljstance alone, if we desire to retain tlie well-chosen terms 
of Nilgeli’s theory. 

But the second part of Nageli’s theory of the idioplasm is also 
untenable. It is impossible that this substance caii have the same 
constitution everywhere in the organism and during every stage 
of its ontogeny. If this were so, how could the idioplasm efibet 
the great differences which obtain in the formation of the various 
parts of the organism? In some passages of liis work Nagcdi 
seems to express the same opinion; e. g. on j)age 31 he says, ‘It 
would be practicable to regard — although only in a mela})horical 
sense — the idioplasms of ihe different cells of an individual as them- 
selves difierent, inasmuch as they possess specific powers of pro- 
duction: wc should thus include among these idioplasms all the con- 
ditions of the organism which l)ring about the display of specific ac- 
tivity on the part of cells.’ It can be clearly seen from the passages 
immediately preceding and succeeding the above-quoted sentence, 
that Niigcli, in speaking of these changes in the idioplasm, does 
not refer to material, but only to dynamical changes. On page 53 
he lays special stress upon the statement that ‘ the idioplasm 
during its growth retains its specific constitution everywhere 
throughout the organism,’ and it is only ‘ within these fixed 
structural limits that it changes its conditions of tension and move- 
ment, and thus alters the forms of growth and activity which are 
possible at each time and place ’ Against such an interpretation 
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weighty objections can be raised. At present I will only men- 
tion that the meaning of the phrase ‘conditions of tension and 
movement ’ ought to be made clear, and that we ought to be 
informed how it is that mere differences in tension can produce 
as many different effects as could have been produced by differences 
of constitution. If any one were to assert that in Daphnidae, or in 
any other forms which produce two kinds of eggs, the power of de- 
veloping only after a j)eriod of rest, possessed by the winter-eggs, 
is based iH)on the fact tliat their idioplasm is identical with that 
of the summer-eggs, but is in another condition of tension, I 
sliould think such a hy][)otliesis would be well worth consideration, 
for the animals which arise from the winter-eggs are identical 
with those produced in STimmer: the idioplasm which caused 
their formation must therefore be identical in its constitution ; and 
can only differ in the two cases, as water diflers from ice. But 
the case is quite otherwise in the stages of ontogeny. How many 
different conditions of tension ought to be possessed by one and 
the same idioplasm in order to correspond to the thousand different 
structures and differentiations of cells in one of the higher organ- 
isms? In fact it would bo hardly possible to form even an 
approximate conception of an exjdanation based upon mere ‘ con- 
ditions of tensions and movement.’ But, furthermore, difference 
in effect should correspond, at any rate to some extent, with 
difference in cause: thus the idioplasm of a muscle-cell ought to 
differ more from that of a nerve-cell and of a digestive-cell in 
the same individual, than the idioj)lasm of the germ-cell of one 
individual differs from that of other individuals of the same species ; 
and yet, according to Niigeli, the latter small difference in the 
effect is supposed to be due to difference of quality in the cause — 
the idioplasm, while the former fundamental difference in the his- 
tological differentiation of cells is sujiposed to follow from mere 
difference ‘of tension and movement.’ 

Niigcli’s hypothesis appears to be self-contradictory; for, al- 
though its author recognizes the truth of the fundamental law of 
development, and explains the stages of ontogeny as an abbre- 
viated recapitulation of phyletic stages, he nevertheless explains 
the latter by a different principle from that which he employs to 
explain the former. According to Niigeli, the stages of ])hylogeny 
are based upon true qualitative differences in the idioplasm : the 
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germ-plasm of a worm is qualitatively differont from that of 
phioxuSy a frog, or a mammal. But if such i)hyletic stages occur 
crowded togotlier in the ontogeny of a single s])eci('s,{,]ioy arc said to 
he based upon different ^conditions of tension and inovoment ’ of one 
and the same idio])lasm ! It seems to me to be necessary to con- 
clude that if the idiojdasnq in the course of ])hv1etic develojiment, 
undergoes any alteration in specific constitution, sucK alterai.ions 
must also take place in ontogeny ; so tar at least as the ])liylotic 
stageS arc repeated, blither the whole phyletic develo])mcnt is 
based upon different ‘ conditions of tension and movement,' or if 
this — as I believe — is impossible, the stages of ontogeny must 
be based upon qualitative alterations in the idio])lasm. 

Tnvoluntjirily the (juestion arises — how is it that such an acute 
thinker fails to perceive this contradiction ? But the answer is 
not far to seek, and Nageli himself indicates it when he adds these 
words to the sentence (piotcd above : ‘ It follows therefore that 
if a cell is detached as a gcrm-ccll in any stage of oni.ogenctic 
development, and from any part of the organism, such a cell will 
contain all the hereditary tendencies of the ])arent individual.’ 
In other words, if we arc restricted to dilferent ‘eruditions of 
tension and movement ’ as «an explanation, it seems to follow as a 
matter of course that the idioj)lasm can re-a,ssiime ii.s original 
condition, and therefore that the idio])lasm of any cell in the 
body can again become the idioplasm of the germ-cell ; for this to 
take place it is only necessary that the greater tension should 
become the less, or vice versa. But if we admit a real change 
in constitution, then the backward development of the idio- 
plasm of the cells of the body into germ-cells appears to bo 
very far from a matter of course, and he who assumes it must 
bring forward weighty reasons. Niigeli does not produce such 
reasons, but considers the metamorphosis of the idioplasm in on- 
togeny as mere differences in the ‘ conditions of tension and move- 
ment,’ This phrase covers the weak ])art of his theory ; and I 
look upon it as a valuable proof that Niigeli has also felt that the 
phenomena of heredity can only find their ex])lanation in the 
hypothesis of the continuity of the germ- 2 )lasm ; for his phrase is 
only capable of obscuring the question as to how the idioplasm 
of the cells of the body can be re-transforined into the idioplasm of 
germ-cells. 
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I am of the opinion that the idioplasm cannot be re- transformed, 
and I have defended this o] anion for some years past althouj^h I 
have hitherto laid espeeiul stress on the ])ositivc aspect of the 
question, viz. on the continuity of the i»’erm-])lasm. I have 
attempted to prove that the <»'crm-cells of an or^’anism derive their 
essential nat.ure Irom the liict ihat the <»*erm-plasm of each <>’enera- 
tion is carried over into that which succeeds it ; and 1 have tried to 
show that durin o* tlu^ (lev(‘lopment of an e.i>'o- into an animal, a part of 
the £^erm-su]jstancc — altliou”*h only a minute [)art — passes over un- 
chani^ed into the organism wliich is underi>*oiu^ dcvelo 2 )ment, and 
that this ])art r('])res(‘nts the basis from which future i>^erm-cells 
arise. .In this way it is to a ccul-ain extent possible to conceive 
how it is that (he complex molecular structure of tli(5 g-erm-plasm 
can b(‘ ndained unchan^Td, even in its most minute details, through 
a loiii»‘ seri(‘s of i>'enei‘a(ions. 

Jhit how would this be ])Ossible if tho i^erm-plasm were formed 
anew in ea(‘h individual by the transformation of somatic idio- 
plasm ? And yet if w^e rc'jeet the ‘ oonl.inuity of the < 4 ’erm-plasm ’ 
we are com])ell(Hl (,o axlo])t this latter hy])othesis concerniniij* its 
origan, it is the hy])othesis ado})i.ed by JStrasbur^cr, and we have 
theiefore to consider how the subject presents itself from his point 
of view. 

1 entirdy agree with Strasburger wdicn ho says, ^ The specific 
qualities of organisms are based upon niichd’; and I further agree 
with him in many of his ideas as to the relation between the 
nucleus and cell-body : ‘ IMolcc.ular stimuli proceed from the nucleus 
into the surrounding cytoplasm ; stimuli which, on the one hand, 
control the ])henom('na of assimilation in the cell, and, on the 
otlu'i* hand, give to tlui growth of the cytoplasm, which depends 
upon nutrition, a ci'rtain character peculiar to tho species.’ ‘The 
nutritive cytoplasm assimilates, while the nucleus controls the 
assimilation, and hence the substances assimilated possess a certain 
constitution and nourish in a certain manner tho cyto-idioplasm 
and the nueli‘ar idioplasm. In this way the cytoplasm takes part 
in the phenomena of construction, upon which the specific form of 
the organism dciiends. This constructive activity of the cyto-idio- 
plasm depends u])on the regulative inlluence of the nuclei.’ Tho 

’ Tins npinion was first expressed in my lecture, ‘ Ueber die Dauer des Lebeiis,’ 
Jena, 1S82, traiisbiUMl as the first essay in the present volume. 
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nuclei therel'ore ‘determine the specific direction in which an 
organism developes/ 

The o])inion — derived from tlm recent study of tlie ])henomena of 
fertilization — that the nucleus impresses its specific cAuiractcr upon 
the cell, has received conclusive and important confirmation in the 
experiments u])on the regeneration of Infusoria, conducted simul- 
taneously by M. Nussbaum^ at Bonn, and by A. (j ruber at 
Freiburg. Nussbaum’s statement that an artilicially separated 
portfon of a ParanKfcctnvf^ which docs not contain any nuclear 
substance, immediately dies, must not be acce})ted as of general 
api)lication, for Gruber has kept similar fragments of other In- 
fusoria alive for several days. IMorcover, (J ruber liad previously 
shown that individual Protozoa occur, which Jive in a normal 
manner, and are yet without a nucleus, although this structure is 
present in other individuals of the sa.me species. But the meaning 
of the nucleus is made clear by the fact., })u)dishcd by Gruber, that 
such artificially separat(‘d fragments of Infusoria, are incapable of 
regeneration, while on tlie other hand those IVagments which con- 
tain nuclei always regenerate. It is therefore only under the in- 
iluencc of the nucleus that the cell substance re-developes into the 
full type of the species. In adopting the view f.bat the nucleus is 
the factor which determines the s[)ccilic nature of the cell, we stand 
on a firm foundation upon which we can build with security. 

If therefore the first seganentation nucleus contains, in its mole- 
cular structure, the whole of the inherited tendencies of d(ivelop- 
meiit, it must follow that during segmentation and subsequent 
cell-division, the nucleoplasm will enter upon definite and varied 
changes which must cause the ditlerences appearing in the cells 
which are produced ; for identical cell -bodies depend, trier is paribus, 
upon identical nucleoplasm, and conversely different cells depend 
upon differences in the nucleo])lasm. The fact that the embryo 
grows more strongly in one direction than in another, that its cell- 
layers are of different nature and are ultimately differentiated 
into various organs and tissues,— forces us to acccjit the conclu- 
sion that the nuclear substance has also been changed in nature, 
and that such changes take ])lace during ontogenetic development 

^ M. Nussbaum, ^Sitzun^ber. der Niederrhciniscdioii (icsollsoliiift fiir Natur- und 
Heilkuiide.’ Dec. 15, 1884. 

^ A. Gruber, ‘ Liologiscbes Centralblatt/ Bd. IV. No. 23, and Y. No. 5. 
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in a reg*iilar and definite manner. This view is also held by Stras- 
bur^»*er, and it must be the opinion of all who seek to derive the 
development of inherited tendencies from the molecular structure 
of the ^erm-plasm, instead of from preformed gemmules. 

We are thus led to the important question as to the forces by 
which the determininijf" substance or nucleoplasm is changed, and 
as to the manner in which it changes during the course of onto- 
geny, and on the answ(‘r to this (piestion our further conclusions 
must depend. The simplest liypothcsis would be to suppose that, 
at each division of the nucleus, its specific substance divides into 
two halves of unequal (juality, so that the cell-])odies would also 
be transformed ; for we have seen that the character of a cell is 
determined by that of its nucleus. Thus in any Metazoon the 
first two segmentaiion s})liercs would be transformed in such a 
manner that one only contained the hereditary tendencies of the 
endodorm and the other those of the ectoderm, and therefore, at a 
later stage, the c(‘lls of the ondoderm would arise from the one and 
those of the ectoderm from the other ; and this is actually known 
to occur. In the course of further division the nucleoplasm of the 
first ectoderm cell would again divide unequally, e. g. into the 
nucleoplasm containing the hereditary icndencies of the nervous 
system, and into that containing the tendencies of the external 
skin. Ihit even then, the end of the unequal division of nuclei 
would not have been nearly reached ; for, in the Ibrmation of the 
nervous system, the nuclear si distance which contains ihe hereditary 
tendencies of the sense-organs, would, in the course of further cell- 
division, be separated from that which contains the tendencies of 
the central organs, and the same process would continue in the 
formation of all single organs, and in the final develojimcnt of the 
most minute hisinlogical elements. This process would take plac.e 
in a definitely ordered course, exactly as it has taken place through- 
out a very long scries of ancestors ; and the determining and 
directing factor is simply and solely the nuclear substance, , the 
nucleoplasm, which jiossosscs such a molecular structure in the germ- 
cell that all such succeeding stages of its molecular structure in 
future nuclei must necessarily arise from it, as soon as the re- 
quisite external conditions are 2)rcscnt. This is almost the same 
conception of ontogenetic development as that which has been held 
by embryologists wiio have not acce2)ted the doctrine of evolution : 
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for we have only to transfer tlie primary cause of development, from 
an unknown source within the organism, into the nuclear sub- 
stance, in order to make the views identical. 

It appears at first sight that the knowledge which has been 
gained by studying the indirect division of nuclei is o])posed to 
such a view, for we know that eacli motlier-loop of the so-called 
nuclear plate divides longitudinally into two exactly ccpial halves, 
which can be stained and thus rendered visible. 

fn this way each resulting daughter-nucleus receives an ecpial 
supply of halves, and it therefore appears that the two nuclei must 
be completely identical. This at least is Strasburger’s conclusion, 
and ho regards such identity as a fundamental fact, which cannot 
be shaken, and with wliich all attempts at further explanation must 
be brought into accord. 

How then can the gradual transformation of the nuclear substance 
be brought about? k'or such a transformation must necessarily 
take place if the nuclear substance is really the determining factor 
in development. Strasbiirger attem])ts to support his hypothesis 
by assuming that the inequality of the daughter-nuclei arises from 
unc(pial nutrii.ion ; and he therefore considers that the inecpiality 
is brought about after the division of the nucleus and of the cell. 
Sti*asburgcr has shown, in a manner which is above all criticism, 
that the nucleus derives its nutrition from the cell-body, but then 
the cell -bodies of the two ex IijipoUtesi identical daughter-nuclei 
must be difierent from the first, if they are to inllucnce their nuclei 
in dili'erent >vays. Ihit if the nucleus dcitermines the nature of 
the cell, it follows that two identical daughter-nuclei which have 
arisen by division within one mother-cell cannot come to possess 
unequal cell-bodies. As a matter of fact, however, the cell-bodies of 
two daughter-cells often difier in size, in appearance, and in their 
subsequent history, and these lacts arc sufficient to prove that in 
such cases the division of the nucleus must have been unequal. 
It*a])pears to me to be a necessary conclusion that, in such an in- 
stance, the mother-nucleus must have been ca|)able of splitting into 
nuclear substances of differing quality. 1 think that, in his argu- 
ment, Strasbiirger has over-estimated the su])port afforded by exact 
observations upon indirect nuclear division. Certainly the fact, 
discovered by Flemming, and more exactly studied by Balbiani and 
Pfitzner, that, in nuclear division, the loops split longitudinally, is 
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of great and even of fundamental importance, furthermore, the 
observations, conducted last year by van Beneden, on the process 
of fertilization in Ascaru^ have given to Flemming’s discovery a 
clearer and more definite meaning than could have been at first 
ascribed to it. The discovery proves, in the first place, that the 
nucleus always divides into two parts of equal quantity, and fur- 
ther that in every nuclear division, each daughter-nucleus receives 
the same amount of nuclear substance from the father as from the 
mother ; but, as it seems to me, it is very far from proving that the 
quality of the parent nucleoplasms must always be equal in the 
daughter-nuclei. It is true that the fact seems to prove this ; and 
if we remember the description of the most favourable instance 
which has been hitherto discovered, viz. the process of fertilization 
in the egg of A,sraris, as re 2 )rescnted by van Beneden, the two 
longitudinal halves of each loop certainly impress the reader as 
being absolutely identical (com 2 >are, for instance, loc. cit. Plate XIX, 
figs. I, 4, 5)* we must not forget that we do not see the 

molecular structure of the nucleoplasm, but something which we 
can only look upon (when we remember how complex this molecular 
structure must be) as a very rough expression of its quantity. Our 
most powerful and best lenses just enable us to make out the form 
of separate stainable granules present in a loop which is about to 
divide : they appear as spheres and immediately after division as 
hemispheres. But according to Strasburger, these granules, the so- 
called microsomata, only serve for the nutrition of the nuclear sub- 
stance proper, which lies between them unstainablc, and therefore 
not distinctly visible. But even if these granules represent the true 
idioplasm, their division into two exactly equal parts would give us 
no proof of equality or inequality in their constitution : it would 
only give us an idea of their quantitative relations. We can only 
obtain proofs as to the quality of the molecular structure of the 
two halves by their efiect on the bodies of the daughter-cells, and 
we know that these latter are frequently different in size and 
quality. 

This point is so important that I must illustrate it by a few more 
examples. The so-called polar bodies (to be treated more in detail 
below) which are expelled during maturation from the eggs of so 
many animals, are true cells, as was first proved by Biitschli in 
Nematodes : their formation is due to a process of undoubted cell- ' 
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division usually accompanied by a typical form of indirect nuclear 
division If any one is still in doubt upon this point, after the 
observations of Fol and Hertwig, he mi^ht easily be con\dnced of 
its truth by a glance at the figures (unfortunately too little known) 
which Trinchcse ^ has published, illustrating this process in the eggs 
of certain gastropods. The eggs of Amp/wnm coerulea are in every 
way suitable for observation, being entirely translucent, and having 
large distinct nuclei which differ from the green cytoplasm in 
colohr. In these eggs two polar bodies are formed one after the 
other : and each of them immediately re-divides : hence it follows 
that four polar bodies are placed at the pole of the egg. But how 
is it that these four cells perish, while the nucleus, remaining in 
the yolk and conjugating with the sperm-nucleus, makes use of the 
whole body of the egg and dcvelopcs into the embryo ? Obviously 
because the nature of the polar body is different from that of the egg- 
cell. But since the nature of the cell is determined by the quality 
of the nucleus, this quality must differ from the very moment of 
nuclear division. This is proved by the fact that the supernu- 
merary spermatozoa which sometimes enter the egg do not con- 
jugate with the polar bodies. According to Strasburger’s theory, 
the objection might be urged that the diflcrent quality of the nuclei 
is here caused by the very different quantity of cytoplasm by which 
they are surrounded and nourished ; but on the one hand the small- 
ness of the cell-bodies which surround most polar globules must 
have some explanation, and this can only be found in the nature of 
the nucleus ; and on the other hand the quantity of the cell-body 
which surrounds the polar globules of AMpliorina is, as a matter of 
fact, somewhat larger than the sphere of green cytoplasm which 
surrounds the nucleus of the egg ! The difference between the polar 
bodies and the egg-cell can thus only be explained on the suppo- 
sition that, in the division of the nuclear spindle, two qualitatively 
different daughter-nuclei are produced. 

T^here does not seem to be any objection to the view that the 

^ According to the observations of Niissbaiim and van Deneden, the egg of Ascan^ 
departs from the ordinary type, but I think that the latter observer goes too far 
when he concludes from the form of the nuclear spindle (of which the two halves are 
inclined to each other at an angle) that we have before us a process entirely different 
from that of ordinary nuclear division. 

^ Trinchese, ‘ I primi momenti dell’ evoluzione nei molluschi,’ Atti Acad. Lyncei 
(3) vii. 1879, Roma. 
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microsomata of the nuclear loops — assuming’ that these bodies 
represent the idioplasm — are capable of dividing into halves, equal 
in form and appearance, but unequal in quality. We know that 
this very process takes place in many egg-cells ; thus in the 
egg of the earth-worm the first two segmentation spheres are 
equal in size and appearance, and yet the one forms the endoderm 
and the other the ectoderm of the embryo. 

I therefore believe that we must accept the hypothesis that, 
in indirect nuclear division, the formation of unequal halves may 
take place quite as readily as the formation of equal halves, and 
that the ecjuality or inequality of the subsequently produced 
daughter-cells must depend upon that of the nuclei. Thus during 
ontogeny a gradual transformation of the nuclear substance takes 
place, necessarily imposed upon it, according to certain laws, by its 
own nature, and such transformation is accompanied by a gradual 
change in the character of the cell-bodies. 

It is true that we cannot gain any detailed knowledge of the 
nature of these changes in the nuclear substance, but we can very 
well arrive at certain general conclusions about them. If we may 
suppose, with Niigeli, that the molecular structure of the germ- 
idioplasm, or according to our terminology the germ-plasm, be- 
comes more complicated according to the greater complexity of 
the organism develo])ed from it, then the following conclusions will 
also be accepted, — that the molecular structure of the nuclear 
substance is simpler as the differences between the structures 
■ arising from it become less ; that therefore the nuclear substance 
of the segmentation-cell of the earth-worm, which potentially con- 
tains the whole of the ectoderm, possesses a more complicated 
molecular structure than that of a single epidermic cell or nerve- 
cell. These conclusions will be admitted when it is remembered 
that every detail in the whole organism must be represented in 
the germ-plasm by its own special and peculiar arrangement of the 
groups of molecules (the micellae of Niigeli), and that the germ- 
plasm not only contains the whole of the quantitative and qualita- 
tive characters of the species, but also all individual variations 
as far as tl^ese are hereditary : for example the small depression 
in the centre of the chin noticed in some families. The physical 
causes of all apparently unimportant hereditary habits or struc- 
tures, of hereditary talents, and other mental peculiarities, must 
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all be contained in the minute quantity of o'errti-plasm which is 
possessed by the nucleus of a germ-cell ; — not indeed as the pre- 
formed germs of structure (the gemmules of ])angeiiosis), but as 
variations in its molecular constitution ; if this be impossible, 
such characters could not be inherited. Nilgeli has shown in his 
work, which is so rich in suggestive ideas, that even in so minute 
a space as the thousandth of a cubic millimetre, such an enormous 
number (400,000,000) of micellae may bo ju’esent, that the 
mosTJ diverse and complicated arrangements become jiossible. It 
therefore follows that the molecular structure of the germ-plasm in 
the germ-cells of an individual must be distinguished from that 
of another individual by certain differences, although these may 
bo but small j and it also follows that the germ-plasm of any 
species must difler from that of all other species. 

These considerations lead us to conclude that the molecular 
structure of the germ-plasm in all higher animals must be 
excessively complex, and, at the same time, that this complexity 
must gradually diminish during ontogeny as the structures still to 
be formed from any cell, and therefore represented in the mole- 
cular constitution of its nuclcoidasm, become less in number. I do 
not mean to imply that the nucleoplasm contains preformed struc- 
tures which are gradually reduced in number as they are g^iven off 
in various directions during the building-up of organs : I mean 
that the complexity of the molecular structure decreases as the po- 
tentiality for further development also decreases, such i)otentiality 
being represented in the molecular structure of the nucleus. The 
nucleoplasm, which in the grouping of its particles contains po- 
tentially a hundred different modifications of this substance, must 
possess far more numerous kinds and far more complex arrange- 
ments of such particles than the nucleoplasm which only con- 
tains a single modification, capable of determining the character 
of a single kind of cell. The development of the nucleoplasm 
durijig ontogeny may be to some extent compared to an army 
composed of corps, which are made up of divisions, and these 
of brigades, and so on. The whole army may be taken to re- 
present the nucleoplasm of the germ-cell : the earliest cell-division 
(as into the first cells of the ectoderm and endoderm) may be 
represented by the separation of the two corps, similarly formed 
but with diflerent duties : and the following cell-divisions by the 
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successive detachment of divisions, brigades, regiments, battalions, 
companies, etc. ; and as the groups become simpler so docs their 
sphere of action become limited. It must be admitted that this 
nietaj)hor is imperfect in two respects, first, because the quantity 
of the nucleoplasm is not diminished, but only its comi)lexity, and 
secondly, l)ecause the strength of an army ehudly depends upon its 
numbers, not on the complexity of its constitution. And we must 
also guard against the su])position that unequal nu(;lear division 
sim])ly moans a sei)aration of part of the molecular slru^ture, 
like the detachment of a regiment from a brigade. On the con- 
trary, the molecular constifiUtion of the mother-nucleus is certainly 
changed during division in such a way that one or both halves 
receive a new structure which did not exist before their forma- 
tion. 

My opinion as to the behaviour of the idiojdasm during 
ontogeny, not only differs from that of Nageli, in that the latter 
maintains that the idio])lasm only undergoes changes in its ^ con- 
ditions of tension and movement,’ but also because he imagines 
this substance to be composed of the preformed germs of structures 
(‘Anlagen’). Nageli’s views arc obviously bound up with his 
theory of a continuous network of idioidasm throughout the whole 
body; perhaps he would have adopted other conclusions had ho 
been aware of the fjuit that the idioplasm must only l)e sought for 
in the nuclei. Niigeli’s views as to ontogeny can be best seen in 
the following ])assages : ‘ As soon as ontogenetic development 
begins, the grou])S of micellae in the idio])lasm which elfcct the first 
stage of development, enter upon active growth : such activity 
causes a passive growth of the other groups, and an increase in 
the whole idioplasm, perhaps to many times its former bulk. But 
the intensities of growth in the two series of groups are unequal, 
and consequently an increasing tension is produced which sooner 
or later, according to the number, arrangement, and energy of the 
active groups, necessarily renders the continuation of the ])i;pcess 
impossible. In consequence of such disturbance to the equilibrium, 
active growth now takes place in the next group, leading to fresh 
irritation, and this gTOup then reacts more strongly than all the 
others upon the tension which first stimulated its activity. These 
changes are repeated until all the groups are gone through, and 
fbe ontogenetic development finally reaches the stage at. which 
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propagation takes place, and tlnis the original stage of the germ is 
reached.’ 

Hence, according to Niigcli, the dilfcrent stages of ontogeny arise 
out of the activities of different parts of the idioplasm : certain 
grou])S of micellae in the idioplasm rejn-esent the germs Anlagcn’) • 
of certain strncf.iires in the organism : when any sucli germ reacts 
under stimulation it i)roduces the corresponding structure. It sc’cms 
to me that this hypothesis hears some rcsemhlance to Darwin’s 
theory of paiigcnesis. J thiidv that Niigeli’s ])reformcd germs of 
structures (‘ Anlagen ’) and lus groups of such germs arc highly 
elaborated equivalents {)f the gem mules of j)angenesis, whicli, 
according to Darwin, manifest activity when their turn comes, or, 
according to Niigeli, when tliey react under stimulation. When a 
group orsu(‘li germs, by their active growth or by tlieir ‘irritation,’ 
have caused a similar active growth or a similar iriitation in the 
next grou]), the former may come to rest, or may remain in a 
state of activity together with its suc.cessor, foi* a. longer or 
shorter period. Its aciivity may even last for an unlimif>ed time, 
as is the case in the forma-tion of leafy shoots in many plants.’ 

Here, again, we recognize the fact t hat, Niigeli’s wliole hy])othesis 
is intimately connected with the sup])Osition that the entire mass 
of idioplasm is continuous throughout the organism. Sometimes 
one i)art of the idioj)lasm and sometimes another ])art is irritated, 
and then produces the corresponding organ. But if, on the other 
band, the idiojdasm does not represent a directly continuous mass, 
but is composed of thousands of single nucleo])lasms which only 
act together through the medium of their cell-bodies, tlien w^e 
must substitute the conception of ‘ ontogenetic stages of devidop- 
ment of the idio])lasm ’ for the conception of g*crms of structure 
(‘Anlagcn’), The different varieties of nmd ooplasm which arise 
during ontogeny represent, as it were, the germs of Niigeli (• An- 
lagen ’), because, by means of their molecular structure, they create 
a spepilic constitution in the cell-bodies over wdiich tliey have 
control, and also because they determine the succession of future 
nuclei and cells. 

It is in this sense, and no other, that I can speak of the presence 
of preformed germs (‘ Anlagen ’) in the idioplasm. We may sup- 
pose that the idioplasm of the first segmentation nucleus is buf, 
slightly different from that of the second ontogeimtic stage, \va. 

i) 
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that of the two following* segmentation nuclei. Perhaps only 
a few groups of micellae have been displaced or somewhat differ- 
ently arranged. But nevertheless such groups of micellae were not 
the germs (‘ Anlagen’) of a second stage which pre-existed in the 
first stage, for the two are distinguished by the possession of a 
different molecular structure. This structure in the second stage, 
under normal conditions of development, again brings about the 
change by which the didcrciit molecular structure of the third 
stage is produced, and so on. 

It may be argued that von Baer’s well-known and fundamental 
law of develo])ment is opposed to the hypothesis that the idioplasm 
of successive ontogenetic stages must gradually assume a simpler 
molecular structure. The organization of the species has, on the 
whole, increased immensely in complexity during the course of 
phylogony : and if the phylctic stages are repeated in the ontogeny, 
it seems to follow that the structure of the idioplasm must 
become more complex in the course of ontogeny instead of becoming 
simpler. But the com])lexity of the whole organism is not repre- 
sented in the molecular structure of the idioplasm of any single 
nucleus, but by that of all the nuclei present at any one time. It 
is true that the germ -cell, or rather the idioplasm of the genu- 
nucleus, must gain greater eom})lexity as the organism which arises 
from it becomes more eomjdex ; but the individual nucleoplasms of 
each ontogenetic stage may become simpler, while the whole mass 
of idioplasms in the organism (which, taken together, represent the 
stage in question) does not by any meJins lose in complexity. 

If we must therefore assume that the molecular structure of the 
nucleoplasm becomes simpler in the course of ontogeny, as the 
number of structures which it potentially contains become smaller, 
it follows that the nucleoplasm in the cells of fully differentiated 
tissues — such as muscle, nerve, sense-organs, or glands — must 
possess relatively the most simple molecular structure ; for it cannot 
originate any fresh modification of nucleoplasm, but can only con- 
tinue to produce cells of the same structure, although it does not 
always retain this power. 

We are thus brought back to the fundamental question as to 
how the germ-cells arise in the organism. Is it possible that 
the nucleoplasm of the germ-cell, with its immensely complex 
molecular structure, potentially containing all the specific pecu- 
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liarities of an individual, can arise from the nucleoplasm of any 
of the body-cells, — a substance which, as wc have just seen, has 
lost the power of oriij^inatin^ any new kind of cell, because of the 
continual simplification of its structure during dcvelo[)ment ? It 
seems to me that it \AOuld be im2)ossible for the simple nucleo- 
plasm of the somatic cells to thus suddenly acquire the jKjwer of 
originating the most complex micleo])lasiii from which alom^ the 
entire organism can be built up : I cannot see any evidence lor the 
existence of a force which could elfect such a iTaiisformafcion. 

This difficulty has already been a|)j)reciatcd by other writers. 
Nussbaum’s ^ theoretical views, which I have already mentioned, 
also doi^end upon the hy2)othosis that cells which have once become 
dilferentiatcd for tlie performance of special functions cannot be 
re-transformed into sexual cells : he also concludes that the latter 
arc se])arated from all other ceils at a very early j)eriod of embry- 
onic development, before any histological dilferentiation has taken 
jdace. Yalaoritis has also recognised that tlui transformation of 
histologically differentiated cells into sexual c(‘lls is impossible. 
He was led to believe that the sexual cells of Veri-ebrata arise 
from the white blood eorj)usclcs, for he looked u])on these latter 
as differentiated to the smallest extent possible. Neither of these 
views can be maintained. The former, because the sexual cells 
of all jdarits and most animals are not, as a matter of fact, so2)arated 
from the somatic cells at the beginning of ontogeny; the latter, 
because it is contradicted by the fact that the sexual cells of 
vertebrates do not arise from blood corpuscles, but from the germinal 
epithelium. But even if this fact had not been ascertained we 
should be com2)elled to reject Valaoritis’ hypothesis on theoretical 
grounds, for it is an error to assume that white blood eoiqmseles 
arc undifferentiated, and that their nucleoplasm is similar to the 
germ-plasm. There is no nuclcoi)lasm like that of the germ- 
cell in any of the somatic cells, and no one of these latter can be 
said be undifferentiated. All somatic cells jiossess a certain 
degree of differentiation, which may be rigidly limbed to one 
single direction, or may take place in one of many directions. All 
these cells are widely different from the eg*g-cell from which they 
orig*inated ; they arc all separated from it by many generations of 

1 M. Nussbaum, ‘ Archiv fiir Mikroskopische Auatoinie,’ Bd. XVIII und XXIII. 

Valaoritis, ‘Die Genesis des Thier-Eies.* Leipzig, 1882. 
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cells, and this fact implies that their idioplasms possess a widely 
different structure from the idioplasm, or ^erm-plasm, of the 
cell. Even the nuclei of the two lirst se^»‘mentation s])heres cannot 
possess the same idioplasm as that of the first seg*mentation nucleus, 
and it is, of course, far less possible for such an idioplasm to be pre- 
sent in the nucleus of any of the later cells of the embryo. Tlic 
structure of the idio])lasm must necessarily become more and more 
different from that of ilie lirst se^mientation nucleus, as the de- 
vcloj)meni. of the embryo ])roceeds. The idioplasm of th*o first 
sc^*mcntation nucleus, and of this nucleus alone, is g'crm -plasm, and 
])oss(‘ssos a si<ructure such that an entire ori>*anism can be juo- 
(luced from it. Many writers appear to consider it a, matter of 
course that any embryonic cell can reproduce the entire orG;*anism, 
if ]>lac(‘d under suitable conditions. But, when we carefully look 
info the subj’ect, we see that such powers arc not oven j^osscssed by 
those cells of the embryo which arc m^arest to the e,i>;‘fi;‘-(;ell— viz. 
the first two se^nienf ation spheres. We have only to remember 
the numerous cases in which one of them forms the ectoderm of 
the animal while the other produces the endoderm, in order to 
admit the validity of ibis objection. 

Bui. if the first se<:»*m(‘ntation s])heres are not able to devolope into 
a comph^te orjL»*anism, how can this be th(‘- case with one of the 
lai)(n’ embryonic ccdls, or one of the cells of the fully dev(;loped 
aniiual body ? It is true tliat we speak of certain cells as beinii;’ 
‘of embryonic charaei-er,’ and only recently Kblliker ’ has ^'iven a 
list of such cells, araon<>^ which he includes ostt'oblasts, cartilage 
cells, lymph corpuscles, and connective tissue corpuscles : but even 
if‘ these cells really deserve such a designation, no explanation of the 
formation of g(‘rm -cells is afforded, for the idio})lasni of the latter 
must be widely dilferent from that of the former. 

it is an ei’i’or i.o su])]»osc that we gain any f'urthcr insight into 
the formation of germ -cel Is by referring to these cells of so-called 
‘ embryonic character,’ which are contained in the body of the 
mature organism. It is o(* (;ourse well known that many cells arc 
characterized by very sharply defined histological diflercntiation, 
while others are but slightly differentiated ; but it is as difficult to 
imagine that germ-cells can arise from the latter as from the 
former. Both classes of cells contain idioplasm with a structure 

^ Kiilliker, ‘ Die Bedeutuiig der Zelikeriic,’ etc. ; Zeitschr. f. wiss. Zool. Ikl. XLII. 
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different from that which is contained in the o'crm-cell, and we 
have no rig*ht to assume that any of tliem can form ^erm-cells until 
it is proved that somatic idioplasm is capable of ui\dor<>’oin^ rc- 
transformation into g*erm -idioplasm. 

The same argument applies to the cells of the em])ryo itself, and 
it therefore follows that those instances of early separation of 
sexual from somatic cells, upon which 1 have often insisted as 
indicating the continuity of the germ-plasm, do not now appear to 
be of %uc\i conclusive importance as at the time when we were not 
sure about the localization of the idioplasm in the nuclei. In the 
groat majority of cases the germ-cells are not separated at the 
beginning of embryonic development, but only in some one of the 
later stages. A single exception is found in the ])olc-cells (‘ Pol- 
zcllen ’) of -Diptern, as was shown many years ago by llobin ^ and 
myself These arc the first cells formed in the egg, and accord- 
ing to the later observations of Motsehnikoir^ and Balbiani"^, they 
liccorne the sexual glands of the embryo. Here therefonj the 
germ-plasm maintains a true unbroken continuity. The nucleus 
of the egg-cell dinjctly gives rise to the nuclei of the pole-cells, 
and there is every reason to believe that i.he latter receive un- 
changed a portion of the idioplasm of the former, and with it 
the tendencies of heredity. But in all other cases the germ-cells 
arise by division from some of the later embryonic cells, and as 
these belong to a more advanced ontogenetic stage in the de- 
velopment of the idioplasm, we can only conclude that continuity 
is maintained, by assuming (as T do) that a small part of the germ- 
plasm ])ersists unchanged during the divisioTi of the S(\gmcntation 
nucleus and remains mixed with the idioplasm of a certain series of 
cells, and that the formation of true germ-cells is brought about at 
a certain point in the series by the aj)pearance of cells in wliich the 
germ-plasm becomes ])redominant. Ihit if we accept this by]) 0 - 
thesis it does not make any diflerence, theoretically, wh(itlier the 
gernvplasm becomes predominant in the third, tenth, hundredth, 
or millionth generation of cells. It therefore follows that cases 
of early se})aration of the germ-cells afford no proof of a direct 

^ ‘Compt. rend.’ Tom. LIV. p. 150. 

^ ‘ Entwicklung dor Dipteren.’ Leipzig, 1864. 

‘Zeitschr. f. wiss. ZooL* Ed, XVI. p. 389 (1866). 

^ ^Coinpt, rend.’ Nov. 13, 1882. 
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persistence of the parent germ-cells in those of the offspring ; for a 
cell the offspring of which become partly somatic and partly germ- 
cells cannot itself have the characters of a germ-cell ; huh it may 
nevertheless contain germ-idioplasm, and may thus transfer the sub- 
stance which forms the basis of heredity from the germ of the 
parent to that of the offspring. 

If we arc unwilling to accept this hypothesis, nothing remains 
but to credit the idioplasm of each successive ontogenetic stage with 
a capability of re-transformation into the first stage. Strasburger 
accepts this view; and he believes that the idioplasm of the nuclei 
changes during the course of ontogeny, but returns to the condition 
of the first stage of the germ, at its close. But the rule of pro- 
bability is against such a suggestion. Suppose, for instance, that 
the idioplasm of the germ-cell is characterized by ten different 
qualities, each of which may be arranged relatively to the others in 
two different ways, then the probability in favour of any given 

combination would be represented by the fraction = ^02^ " 

that is to say, the re-transformation of somatic idioplasm into germ- 
plasm will occur once in 1024 times, and it is therefore impossible 
for such re-transformation to become the rule. It is also obvious 
that the complex structure of the germ-plasm which potentially 
contains, with the likeness of a faithful portrait, the whole in- 
dividuality of the parent, cannot be represented by only ten charac- 
ters, but that there must be an immensely greater number ; it is 
also obvious that the possibilities of the arrangement of single 
characters must be assumed to be much larger than two ; so that we 


get the formula (i) , where p represents the possibilities, and n the 


characters. Thus if n and p are but slightly larger than we 
assumed above, the probabilities become so slight as to altogether 
exclude the hypothesis of a re-transformation of somatic idioplasm 
into germ-plasm. ^ 

It may bo objected that such re-transformation is much more 
probable in the case of those germ-cells which separate early 
from the somatic cells. Nothing can in fact be urged against 
the possibility that the idioplasm of (e.g.) the third generation of 
cells may pass back into the condition of the idioplasm of the germ- 
cell; although of course the mere possibility does not prove the 
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faot. But there are not many cases in which the sexual cells are 
separated so early as the third generation : and it is very rare for 
them to separate at any time during the true segmentation of the 
egg. In Daphnulae [Moina) separation occurs in the fifth stage of 
segmentation and although this is unusually early it does not 
happen until the idioplasm has changed its molecular structure six 
times. In Sagitta ^ the separation does not take place until the 
archenteron is being formed, and this is after several hundred 
embryonic cells have been produced, and thus after the germ- 
plasm has changed its molecular structure ten or more times. But 
in most cases, separation takes place at a much later stage ; thus in 
Hydroids it does not happen until after hundreds or thousands of 
cell-generations have been passed through ; and the same fact holds 
in the higher plants, where the production of germ-cells frequently 
occurs at the end of ontogeny. In such cases the probability of a 
re-transformation of somatic idioplasm into gernd-plasm becomes 
infinitely small. 

It is true that these considerations only refer to a rapid and 
sudden re-transformation of the idioplasm. If it could be proved 
that development is not merely in appearance but in reality a 
cyclical process, then nothing could be urged against the occur- 
rence of re-transformation. It has been recently maintained by 
Minot” that all development is cyclical, but this is obviously 
incorrect, for Nageli has already shown that direct non-cyclical 
courses of development exist, or at all events courses in which the 
earliest condition is not repeated at the close of development. The 
phyletic development of the whole organic world clearly illus- 
trates a development of the latter kind ; for although we may 
assume that organic development is not nearly concluded, it is 
nevertheless safe to predict that it will never revert to its original 
starting-point, by backward development over the same course 
as that which it has already traversed. No one can believe that 
existing Phanerogams will ever, in the future history of the world, 
retrace all the stages of phyletic development in precise inverse 
order, and thus return to the form of unicellular Algae or Monera ; 
or that existing placental mammals will develope into Marsupialia-, 

^ Grobben, ^ Arbeiten d. Wien. Zool. Instituta,’ Bd. II. p. 203. 

^ Butschli, ‘ Zeitschrift f. wiss. Zool.* Bd. XXIII. p. 409. 

^ ‘ Science,’ vol. iv. No. 90, 1884. 
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Monotremata, mammal-like reptiles, and tlie lower vertebrate forms, 
into worms and finally into Monera. But how can a course of 
development, which seems to be impossible in phylog^eny, occur as 
the regular method of ontogeny? And quite apart from the 
question of possibility, we have to ask for proofs of the actual 
occurrence of cyclical development. Such a proof would be af- 
forded if it could be shown that the nucleoplasm of those somatic 
cells which (e.g. in llydroids) are transformed into germ-cells 
passes backwards through many stages of development intd the 
nucleoplasm of the germ-cell. It is true that we can only recognise 
differences in the structure of the idioplasm by its effects upon the 
cell -body, but no effects are produced which indicate that such 
backward development takes jdacc. Since the course of onward de- 
velopment is compelled to pass through the numerous stages which 
are implied in segmentation and the subsequent building-up of the 
embryo, etc., it is (juite impossible to assume that backward develop- 
ment would take place suddenly. It would be at least necessary to 
suppose that the cells of embryonic character, which are said to be 
transformed into primitive germ-cells, must pass back through at any 
rate the main phases of their ontogeny. A sudden transformation 
of the nucleoplasm of a somatic cell into that of a germ-cell would 
be almost as incredible as the transformation of a mammal into an 
amoeba ; and yet we are compelled to admit that the transforma- 
tion must be sudden, for no trace of such retrogressive stages of 
development can be seen. If the appearance of the whole cell gives 
us any knowledge as to the structure of its nuclear idioplasm, we 
may be sure that the development of a primitive germ-cell proceeds 
without a break, from the moment of its first recognizable formation, 
to the ultimate production of distinct male or female sexual cells. 

I am well aware that Strasburger has stated that, in the ulti- 
mate maturation of the sexual cells, the substance of the nuclei 
returns to a condition similar to that which existed at the begin- 
ning of ontogenetic development; still such a statement i? no 
proof, but only an assumption made to support a theory. I am 
also aware that Nussbaum and others believe that, in the formation 
of spermatozoa in higher animals, a backward development sets in 
at a certain stage ; but even if this interpretation be correct, such 
backward development would only lead as fixr as the primitive germ- 
cell, and would afford no explanation of the further transformation 
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of the idioplasm of this cell into germ-plasm. But this latter 
transformation is just the point which most needs proof upon any 
theory except the one which assumes that the primitive germ-cell 
still contains unchanged germ-plasm. Every attempt to render 
probable such a re-transformation of somatic nucleoplasm into germ- 
plasm breaks down before the facts known of the Ilydroids, in 
which only certain cells in the body, out of the numerous so-called 
embryonic cells, arc capable of becoming primitive germ-cells, while 
the }»est do not possess this power. 

I must therefore consider as erroneous the hypothesis which 
assumes that the somatic nucleoplasm may be transformed into 
germ-plasm. Such a view may be called ‘ the hypothesis of the 
cyclical development of the germ-plasm.’ 

Niigcli has tried to su])port such an hypothesis on phyletic 
grounds. He believes] that phyletic development follows from an 
extremely slow but steady change in the idioplasm, in the direction 
of greater complexity, and that such changes only become visible 
periodically. He believes that the passage from one phyletic stage 
to another is chiefly due to the fact that ‘ in any ontogeny, the 
very last structural change upon which the separation of germs 
depends, takes place in a higher stage, one or more cell-generations 
later ’ than it occurred in a lower stage. ‘ The last structural 
change itself remains the same, while the scries of structural 
changes immediately preceding it is increased.’ I believe that 
Nageli, being a botanist, has been too greatly influenced by the 
phenomena of plant-life. It is certainly true that in plants, and 
especially in the higher forms, the germ-cells only make their 
appearance, as it were, at the end of ontogeny; but facts such 
as these do not hold in the animal kingdom: at any rate they 
are not true in the great majority of cases. In animals, as I have 
already mentioned several times, the germ-cells are separated from 
the somatic cells during embryonic development, sometimes even at 
its very commencement ; and it is obvious that this latter is the 
original, phyletically oldest, mode of formation. The facts at our 
disposal indicate that the germ-cells only appear, for the first time, 
after embryological development, in those cases where the forma- 
tion of ascxually produced colonies takes place, either with or with- 
out alternation of generations; or in cases where alternation of 
generations occurs without the formation of such colonies. In 
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a colony of polypes, the germ -cells are produced by the later genera- 
tions, and not by the founder of the colony which was developed 
from an egg. This is also true of the colonies of Siphonophora, 
and the germ-cells appear to arise very late in certain instances of 
protracted metamorphosis (Echinodermata), but on the other hand, 
they arise during the embryonic development of other forms (In- 
secta) which also undergo metamorphosis. It is obvious that the 
phyletic development of colonies or stocks must have succeeded 
that of single individuals, and that the formation of germ-cells in 
the latter must therefore represent the original method. Thus 
the germ-cells originally arose at the beginning of ontogeny and 
not at its close, when the somatic cells are formed. 

This statement is especially supported by the history of cer- 
tain lower plants, or at any rate chlorophyll -containing organisms, 
and I think that these forms supply an admirable illustration of 
my theory as to the phyletic origin of germ -cells, as explained in 
my earlier papers upon the same subject. 

The phyletic origin of germ-cells obviously coincides with the 
differentiation of the first multicellular organisms by division of 
labour^. If we desire to investigate the relation between germ- 
cells and somatic cells, we must not only consider the highly 
developed and strongly differentiated multicellular organisms, but 
we must also turn our attention to those simpler forms in which 
phyletic transitions are represented. In addition to solitary 
unicellular organisms, we know of others living in colonies of which 
the constituent units or cells (each of them ccpiivalent to a uni- 
cellular organism) are morphologically and pliysiologically identical. 
Each unit feeds, moves, and under certain circumstances is capable 
of reproducing itself, and of thus forming a new colony by repeated 
division. The genus Fandorhia (Eig. I), belonging to the natural 
order V olvocineae^ represents such ‘homoplastid’ ((lotte) organisms. 
It forms a spherical colony composed of ciliated cells, all of which 
are exactly alike : they are embedded in a colourless gelatinous 
mass. Each cell contains chlorophyll, and possesses a red eye-spot, 
and a pulsating vacuole. These colonies are propagated by the 

* Among unicellular organisms, encysted individuals are often called germs. 
They sometimes differ from the adult organism in their smaller size and simpler 
structure {Oregarinidae)^ but they represent the same morphological stage of in- 
dividuality. 
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sexual and asexual (Fig. II) methods alternately, although in the 
former case the conjugating swarm-cells cannot be distinguished 
with certainty as male or female. In both kinds of reproduction, 
each cell in the colony acts as a reproductive cell ; in fact, it 
behaves exaetly like a unicellular organism. 
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It is very interesting to find in another genus belonging to the 
same natural order, that the transition from the homoplastid to the 
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heteroplastid condition, and the separation into somatic and repro- 
ductive cells, have taken place. In Volvox (Fig. Ill) the spherical 
colony consists of two kinds of cells, viz. of very numerous small cili- 
ated cells, and of a much smaller number of large germ-cells without 
cilia. The latter alone possess the power of producing a new colony, 
and this takes place by the asexual and sexual methods alternately : 
in the latter a typical fertilization of large egg-cells by small sper- 
matozoa occurs. The sexual differentiation of the germ-cells is not 
material to the question we arc now considering ; the impoitant 
point is to ascertain whether here, at the very origin of heteroplastid 
organisms, the germ-cells, sexually differentiated or not, arise from 
the somatic cells at the end of ontogeny^ or whether the substance of 
the parent germ-cell, during embryonic development, is from the first 
separated into somatic and* germ-cells. The former interpretation 
would support Niigeli’s view, the latter would support my own. But 
Kirchner ^ distinctly states that the germ-cells of Volvox are differ- 
entiated during embryonic development, that is, before the escape of 
the young heteroplastid organism from the egg-capsule. We cannot 
therefore imagine that the phyletic development of the first hetero- 
plastid organism took place in a manner different from that 
which I have previously advocated on theoretical grounds, before 
this striking instance occurred to me. The germ-plasm (nucleo- 
plasm) of some homoplastid organism (similar to Pandorina) must 
have become modified in molecular structure during the course of 
phylogeny, so that the colony of cells produced by its division was 
no longer made up of identical units, but of two different kinds. 
After this separation, the germ-cells alone retained the power of 
reproduction possessed by all the parent cells, while the rest only 
retained the power of producing similar cells by division. Thus 
Volvox seems to afford distinct evidence that in the phyletic 
origin of the heteroidastid groups, somatic cells were not, as Niigeli 
supposes, intercalated between the mother germ-cell and the daughter 
germ-cells in each ontogeny, but that the somatic cells awse 
directly from the former, with which they were previously identical, 
as they are even now in the case of Pandorina, Thus the con- 
tinuity of the germ-plasm is established at least for the beginning 
of the phyletic series of development. 

' Compare Biitschli in Bronn’s ‘ Klassen und Orduungen des Tbierreichs,’ Bd. I. 
P- 777- 
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The fact, already often mentioned, that in most higher organisms 
the separation of germ-cells takes place later, and often very late, 
at the end of the whole ontogeny, proves that the time at which 
this separation of the two kinds of cells took place, must have been 
gradually changed. In this respect the well-established instances 
of early separation are of great value, because they serve to connect 
the extreme cases. It is quite impossible to maintain that the 
germ-cells of Ilydroids or of the higher j)lants, exist from the 
timft of embryonic development, as indifrerent cells, which cannot 
be distinguished from others, and which are only differentiated at a 
later period. Such a view is contradicted by the simj)lest mathe- 
matical consideration ; for it is obvious that none of the relatively 
few cells of the embryo can be excluded from the enormous increase 
by division, which must take place in- order to j)rodiice tlie large 
number of daughter individuals which form a colony of ])olypes. 
It is therefore clear that all the cells of the embryo must for a long 
time act as somatic cells, and none of them can be reserved as 
germ-cells and nothing else : this conclusion is moreover confirmed 
by direct observation. The sexual bud of a Corjjne arises at a 
part of the Polype which docs not in any way differ fi*om sur- 
rounding areas, the body wall being uniformly made up of two 
single layers of cells, the one forming the ectoderm and the other the 
endoderm. llapid growth then takes place at a single spot, and 
some of the young cells thus produced are transformed into germ- 
cells, which did not previously exist as separate cells. 

Strictly speaking I have therefore fallen into an inaccuracy in 
maintaining (in former works) that the germ-cells are themselves 
immortal ; they only contain the undying part of the organism — 
the germ-plasm ; and although this substance is, as hir as we 
know, invariably surrounded by a cell-body, it does not always 
control the latter, and thus confer upon it the character of a 
germ-cell. But this admission does not materially change our 
viejv of the whole subject. We may still contrast the germ-cells, 
as the undying part of the Metazoan body, with the perishable 
somatic cells. If the nature and the character of a cell is deter- 
mined by the substance of the nucleus and not by the cell-body, 
then the immortality of the germ-cells is preserved, although only 
the nuclear substance passes uninterruptedly from one generation 
to another. 
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G. Jagcr^ was the first to state that the body in the higher 
organisms is made up of two kinds of cells, viz., ontogenetic and 
phyletic cells, and that the latter, the reproductive colls, are 
not a product of the former (the body-cells), but that they arise 
directly from the parent germ-cell. He assumed that the formation 
of germ-cells takes place at the earliest stage of embryonic life, and 
he thus believed the connexion between the germ-plasm of the 
parent and of tlie ofrs])ring had received a satisfactory explana- 
tion. As I have previously mentioned in the introduction, Nuss- 
baum also brought forward this hyj)othesis at a later period, and 
also based it upon a continuity of the germ-cells. He assumed 
that the fertilized egg is divided into the cells of the individual and 
into the cells which cllect the preservation of the species, and he 
suj)ported this view by referring to the few known cases of early 
separation of the sexual cells. He even maintained this hypothesis 
when T had jirovcd in my investigations on Hydromedusae that the 
sexual cells are not always separated from the somatic cells during 
embryonic development, but often at a tar later period. Not only 
is the hypothesis of a direct connexion between the germ-cells of 
the ofis})ring and parent broken down by the facts known in the 
Hydroids, and in the Phanerogams^ which resemble them in this 
respect, but even the instances of early separated germ-cells quoted 
by Jiiger and Nussbaum do not as a matter of fact su2)port their 
hypothesis. Among existing organisms it is extremely rare for the 
germ-cells to arise directly from the parent egg-cell (as in Di2)tera). 
If, however, the gerrn-cells arc se2)aratcd only a few cell-generations 
later, the postulated continuity breaks down ; for an embryonic 
cell, of which the offspring are partly germ-cells and partly somatic 
cells, cannot itself possess the nature of a germ-cell, and its idioplasm 


^ Gustav Jjiger, ‘ Lehrbiicli der Allgemeinen Zoologie/ Leipzig, 1878; II. 
Abtheilung. Probably on account of the extravagant and superficial speculations 
of the author, the valuable ideas contained in his book have been generally over- 
looked. It is only lately that I have become aware of J ager’s above-mentioned diy- 
pothesis. M. Nussbaum seems to have also arrived at the same conclusion quite 
independently of Jiiger. The latter has not attempted to work out his hypothesis 
with any degree of completeness. The above-mentioned observations are followed 
immediately by quite valueless considerations, as, for instance, that the ontogenetic 
and phyletic groups are in concentric ratio! The author might as well speak of 
a quadrangular or triangular ratio ! 

[** Facts of the same kind are also known in the Vascular Cryptogams, Muscineae, 
Characeae, Florideae, etc. — S. S.] 
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cannot be identical with that of the parent ^£^erm-cell. In order to 
prove this, it is only necessary to refer to the arguments as to the 
ontogenetic stages of the idioplasm. In the above-mentioned 
instances, the continuity from the germ-substance of the parent 
to that of the offspring can only be explained by the su])position 
that the somatic nucleoplasm still contains some unchangcMl germ- 
plasm. • I believe that the fundamental idea of Jiiger and Nuss- 
baum is quite correct : it is the same idea which has led me to the 
hypothesis of the continuity of the germ-plasm, viz., the conviction 
that heredity can only be understood by means of such an hypothesis. 
But both these writers have worked out the idea in the form of an 
hypothesis which does not correspond with the facts. That this is 
the case is also shown by the following words of Nussbaum — ‘ the 
cell-material of the individual (somatic cells) can never produce a 
single sexual cell.^ Such produciion undoubtedly takes place, not 
only in Hydroids and Phanerogams, but in many other instances. 
The germ-cells cannot indeed be produced by any indifferent cell 
of embryonic character, but ])y certain cells, and under circumstances 
which allow us to positively conclude that they have been pre- 
destined for this purj)ose from the beginning. In other words, 
the cells in question contain germ-plasm, and this alone enables 
them to become germ-cells. 

As a result of my investigations on Hydroids ^ I concluded that 
the germ-plasm is present in a very finely divided and therefore in- 
visible state in certain somatic cells, from the very beginning of 
embryonic development, and that it is then transmitted through 
innumerable ceU-generations, to those remote individuals of the 
colony in which sexual products arc formed. This conclusion is 
based upon the fiiet that germ-cells only occur in certain localized 
areas (‘Keimstatten’) in which neither germ-cells nor primitive 
gcrm-cclls (the cells which are transformed into germ-cells at a later 
period) were previously present. The primitive gcrm-cells arc also 
only formed in localized areas, arising from somatic cells of the 
ectoderm. The place at which gcrm-cells arise is the same in all 
individuals of the same species ; but differs in different species. It 
can be shown that such differences correspond to different phyletic 
stages of a process of displacement, which tends to remove the 

^ Weismann, ‘Die Entstchung der Sexualzellen bei den Hydroinedusen.’ Jena, 

1883. 
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locliliz(Ml area from its orig’inal position (tlic manubrium of the 
Medusa) in a centripetal direction. For the purposes of the present 
enquiry it is unnecessary to discuss the reasons for this change of 
])osiiion. The phyletic dis])lacemcnts of the localized areas are 
brought about during ontogeny by an actual migration of primitive 
germ-cells from the ])lace wliere they arose to the position at which 
they undergo dilferentiation into germ -cells. Ilut we cannot believe 
that primitive germ -cells would migrate if the germ-cells could 
bo formed from any of the other young colls of indifferent character 
which arc so numerous in Jlydroids. Even when the localized area 
undergoes vTiy slight displacement, e. g. when it is removed from 
the exterior to the interior of the mesogloea ^ the change is always 
elfected by active migration of ])rimitivc germ-cells through the 
substance of the mesogloea. Although the localized area has been 
largely disj)laced in the course of phylogeny, the changes in posi- 
tion have always taken place by very gradual stages, and never 
suddenly, and all these stages are re])eated in ihe ontogeny of all 
existing s])ecies, by the migration of the j)rimitivc germ-cells from 
f.he anc(‘sf.ral area to the place where ihe germ-cells now arise. 
Hjirtlaub^ has recently added a further instance (that of Ohdta) to 
the numerous minute descriptions of these phyletic displacements of 
the localiz(‘d area, and ontogenetic migralions of ihe j)rimitive germ- 
cells, which are given in my work already referred to. The 
instance of Ohdia is of especial interest as the direction of dis- 
])lacement is here reversed, taking place centrifugally instead of in 
a centripetal direction. 

]hit if displacements of the localized areas can only take place by 
the frc([uently roundabout method of the migration of primitive 
germ-cells, we are obliged to conclude that such is the only manner 
in which the change can be elfected, and that other cells are unable 
to j)lay the role of the primitive germ-cells. And if other cells are 
unable to take this i)art, it must be because nucleo])lasin of a 
certain character has to be ju-esent in order to form germ-cellr., or 
according to the terms of my theory, the ])resence of g(;rm-plasm is 

[' T adopt this term, siiyfgested by E. Ray I-ankester and G. C. Bourne, as the 
name of the sup])orting lamina of C^)elenterata, See ‘ C^uart. Journ. Microsc. Sci.’ 
Jan. 1S87, p. 28 E. B. R] 

J^r, Clemens llartlaub, ‘ Ueber die Eiitstehung der Sexualzellcn bci Obelia.’ 
Ereiburg, Inaugural Dissertation : see also *Zeitschrift fiir wissenschaftliche Zoologie.’ 
Bd. XLI. i88.p 
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indispensable for this j)urpose. I do not see how we can escape 
the conclusion tliat there is contimiity of the ; 4 ‘erni-})lasni ; for 
if it were su])posed that somatic idioplasm iindern'oes trmisforma- 
tion into i>erm-plasm, such an assumption would not explain 
why the displacement occurs by small stai^'cs, and with ext.reme 
and constant care for the ])rescrvat/ion of a connexion with cells 
of the ancestral area. This tact can only l)e explained by the hyjm- 
thesis that cell-,<][*cnerations other than those which end in the 
production of the ct‘lls of the ancestral area, are totally incapable 
of transformation into oxunn-cells. 

Strasburi»‘er has objected that the transmission of ^erm-plasm 
alono- c(;rtaiii lines, vi/. through a certain succession of somatic 
cells, is impOvSsible, because the idioplasm is situated in the nucleus 
and not in tiie cell-body, and because a, nucleus can only divide 
into two oxact.ly e(puil halves by the indir(‘ct method of division, 
which takes place, as we must believe, in these case's. ‘ It mii»*ht 
indeed be sup[)osod,’ says tStrasburi»-(‘r, ‘that durini;' nuclear division 
certain moh'cular o-roups remain unchan<>*ed in tlu^ nuclear sub- 
stance which is in other respects transformed, and that these 
lifroups are uniformly distributed through the whole ori>*anism ; 
but we cannot imag ine that their transmission could only be effected 
aloniL»’ certain lines.’ 

T do not think tlnit ISf,rasburg‘er’s objections can be maintained. 
1 base this opinion on my ^R’t'Vious (uiticism u])on the assumed 
ecpiality of the two daughter-nuclei foriiuMi by indirect division. 
I do not see any ix'ason why ihe two hahes must always ])ossess 
the same structure, although they may be of equal size and weight. 
I am sur])rised that Strasburger should adiriit the ])ossibility that 
the germ-])lasm, which, as 1 think, is mixed with the idio])lasm of 
the somatic cells, may remain umhangT-d in its ]>assage through 
the body; for if this writer be correct in maintaining that the 
changes of nuclear substance in ontogeny are efleidjcd l)y the 
nutritive inlluence of the cell-body (cyto])lasm), it follows that 
the whole nuclear substance of a cell must be changed at every 
division, and that no unchanged part can remain. We can only 
imagine that one part of a nucleus may undergo change while 
the other part remains unclianged, if we hold that the necessary 
transformations of nuclear substance arc effected by purely internal 
causes, viz. that they follow from the constitution of the nueleo- 

r 
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plasm. Eut lhat one part may remain uncliaiig'ed, and that such 
persistence does, as a matter of fact, occur is shown by the cases 
above described, in which the »*erm-cc]ls separat.(i very early from 
the devclo])in_c^ cq-^'-ccIl. Thus in the of Diptera, the two 
nuclei whicli are lirst S(^])aratcd by division from the segmentation 
nucleus, form the sexual cells, and tliis proves that they receive 
the germ-plasm ol the segnuuitation nucleus unchanged. But 
during or before the s(‘])arai.ion of those two nuclei, tlie remaining part 
of the segin(mi;ition nucleus must have l)ecome changed in nature, 
or else it would continue to form ‘pole-cells' at a later period 
instead of (brmlng somatic cells. Although in many cases the 
eell-bodi{5S of such early embryonic cells fail to exhibit any 
visible dilferences, the idioplasm of their nuclei must undoubtedly 
dider, or else they could not develo])e in diderent directions. It 
seems to me not only possible, l)ut in every way probable, that the 
bodies of such eai'ly eml)rvonic cells arc equal in reality as well as 
in a])])i'ara,nce ;• for, although the idioplasm of the nucleus deter- 
mines the character of the cell-body, and although every didcr- 
cnilation of the latter depends upon a certain structure of its 
nucleoplasm, it does not necessarily follow that the converse pro- 
position is true, viz. that each change in the structure of the 
nucleo])lasm must edect a change in the cell-body. Just as rain 
is imj) 0 ssiblc without clouds, but every cloud docs not necessarily 
produce rain, so growth is impossible without chemical change, but 
chemical processes ol* every kind and degree need not produce 
growth. In the same manner every kind of change in the mole- 
cular structure of the nucleoidasm need not exei’cise a transforming 
inlluence on the cyto])hism, and we can easily imagine that a long 
series of changes in the nucleoplasm may appear only in the kind 
and energy of the nuclear divisions which take place, the cell- 
substance remaining unchanged, as far as its molecular and che- 
mical structures is concerned. This suggestion is in accordance 
with the fact that during the first period of embryonic develop- 
ment in animals, the cell-bodies do not exhibit any visible dilfcr- 
ences, or only such as are very slig*ht; although cxce})tional in- 
stance's occur, es])ceiially among the lower animals. But even 
these latter (c. g. the difference in appearance of the cells of the 
ectoderm and endoelerm in sponges and Coelentcrata) perhaps 
depend more largely upon a different admixture of nutritive siib- 
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stances than upon any marked dillorence in the cytoplasm itself. It 
is obvious that, in tlie construction of the enibn o, tlie amount of 
cell-material must be lirst of all increased, and lhai. it is only at a 
later period that the material must be diflcrentiatcd so as to 
])0ssess various (pialities, according* to the j)rinelplc of division of 
labour. Facts of this kind arc also Oj)posed to Stras])uro-or’s view, 
that the cause of chaiu^-es in the niicleojdasni does not lie within 
this substance itself but within the cell-body. 

1 believe I have shown i.hat theoretically hardly any objections 
can be raised ac;*ainst tlie view that tlu; nuclear substance of 
somatic cells may contain unchan<>*ed < 4 *erm-plas!u, or that this 
^erm-plasm may be transmitted alono* ccTtain lines. It is true 
that we mi<^*ht imagine a pnorl that all somath^ nuclei contain 
a small amount of unchan<>*cd i>;*enu-j)lasm. In llydroids such 
an assumption cannot be made, because only certain cells in a 
certain succession possess tlie power ol' devclopin<>* into i^rrm-cclls ; 
but it miiL»*ht well be imaL;*ined that in some organisms it would 
1)0 a great advantage if every part possessed the power oF growing 
up into the whole organism and of producing sexual cells under 
a 2 )])ropriate circumstances. Such cases might exist if it >vere pos- 
sible for all somatic nuclei to contain a minute fraction of un- 
changed germ-plasm. J^'or this reason, Strasburger’s other objection 
against my theory also fails to hold; viz. that certain j)lants can 
be propagai-ed by ])icccs of rhizomes, roots, or even by nu'ans of 
leaves, and that plants ])roduced in this manner may linally give 
rise to ilowers, fruit and seeds, from which new plants arise. ‘It 
is easy to grow new plants from the leaves of Beijonhi wdiich 
have been cut oil* and merely laid upon moist sand, and yet in the 
normal course of ontogeny the molecules of germ-plasm w ould not 
have been comj)elled to pass through the leaf; and they ought 
therefore to be absent from its tissue. vSiiice it is })ossiblo to laise 
from the leaf a plant which produces downr and iruit, it is 2 )er- 
fectly certain that S])ecial cells containing the geinn substance 
cannot exist in the plant.' Ihit T think that this I’act only proves, 
that in Ikgoula and similar plants, all the cells of the leaves 
or perhaps only certain cells contain a small amount of germ- 
plasm, and that consetpicntly these ])la.nts are s]K‘cially adapted 
for propagation by leaves, llow is it then that all plants cannot 
be reproduced in this way ? No one has ever grown a tree from 
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the leaf of the lime or oak, or a llowering* plant from the leaf 
of the tulip or convolvulus. It is insufficient to reply that, in the 
last-mentioned cases, the leaves are more strongly specialized, and 
have thus become unable to 2)roducc germ -substance ; for the leaf- 
cells in these different plants have hardly undergone histological 
differentiation in different degrees. If, notwithstanding, the one 
can produce a flowering plant, while the others have^ not this 
power, it is of course clear that reasons other than the degree 
of histological difrereiitiation must exist ; and, according t6 my 
opinion, such a reason is to be found in the admixture of a minute 
quantity of unchanged germ-j)1asm with some of their nuclei. 

In Sachs’ excellent lectures on the jfliysiology of plants, we read 
on page 723^ — ‘In the true mosses almost any cell of the roots, 
leaves and shoot-axes, and even of the immature sporogonium, 
may grow out under favourable conditions, become rooted, form 
new shoots, and give rise to an independent living plant.’ Since 
such plants ])roduce germ-cells at a later period, we have here 
a case which requires the assumption that all or nearly all cells 
must contain germ-plasm. 

The theory of the continuity of the germ-plasm seems to me 
to be still less dis})rovcd or even rendered improbable by the facts 
of the alternation of generations. If the germ-plasm may pass on 
from the egg into certain somatic cells of an individual, and if it 
can be further transmitted along certain lines, there is no difficulty 
in supposing tliat it may be transmitted through a second, third, 
or through any number of individuals produced from the former by 
budding. In fact, in the Hydroids, on which my theory of the 
continuity of the germ-plasm has been chiefly based, alternation 
of generations is the most important means of propagation. 

II. The Significance of the Polar Bodies. 

We have already seen that the specific nature of a cell depends 
upon the molecular structure of its nucleus ; and it follows from 
this conclusion that my theory is further, and as I believe strongly, 
supported, by the phenomenon of the expulsion of polar bodies, 
which has remained inexplicable for so long a time. 


^ English translation, by H. Marshall Ward. Oxford, 1887, Clarendon Press. ^ 
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For if the specific molecular structure of a cell-body is caused 
and determined by the structure of the nucleoplasm, evciy kind 
of cell which is histologically difierentiated must liave a specific 
niicleojdasm. But the eg^-cell of most animals, at any rate during 
the period of growth, is by no means an indifrerent coll of the 
most primitive type. At such a period its cell-body has to 
perform quite peculiar and specific functions ; it has to secrete 
nutritive substances of a certain chemical nature and physical con- 
s^dtiftion, and to store up this food-material in such a manner 
it may be at the disposal of the embryo during* its develop- 
ment. In most cases the egg’-cell also forms membranes which 
are often characteristic of particular sj)ecics of animals. The 
growing egg-cell is therefore histologically differentiated: and 
in this respect resembles a somatic cell. It may perhaps be com- 
pared to a gland-cell, which docs not exj)el its secretion, but 
deposits it within its own substance h To perform such specific 
functions it requires a specifi(i cell-body, and flie latter depends 
upon a specific nucleus. It therefore follows that the growing 
eg*g-cell must ])ossess nucleoplasm of specific molecular struc- 
ture, which directs the above-mentioned secretory functions of 
the cell. The nucleoplasm of histologically differentiated cells 
may be called histogcnctic nucleoplasm, and the growing egg- 
cell must contain su(;h a substance, and even a certain specific 
modification of it. This nuch'Ojdasm cannot })ossibly be the same 
as that which, at a later j)eriod, causes embryonic development. 
Such development can only bo ju’oduced by true germ-plasm 
of immensely complex constitution, such as I have previously 
attempted to describe. It therefore follows that the nucleus of 
the egg-ccll contains two kinds of nucleoplasm : — germ-plasm 
and a peculiar modification of histogenetic nucleoplasm, which 
may be called ovogenetic vvcJeoplamn, This substance must greatly 
preponderate in the young egg-cell, for, as we have already seen, 
it controls the growth of the latter. The germ-])lasm, on the 
other hand, can only be present in minute quantity at first, but 
it must undergo considerable increase during the g*rowth of the 
cell. But in order that the germ-plasm may control the cell- 

[* Such glaud-cella are known in both animals and plants. See W. Gardiner and 
Tokutaro Tto, On the structure of the mucilage-secreting cells of Jfileclinim occidentale 
L., and Osmunda regalis L., 'Annals of Botany,’ vol. i. p. 49.— S. S.] 
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body, or, in otlier words, in order tluit embryonic development 
mny l)e<>'in, tlic still prepon derating* ovo^'OTictic nucleoplasm must 
1)0 r(‘moved from tlio cell. Tliis removal fakes place in the same 
manner as that in which differing nuclear substances are separated 
durinij;* the onto£»‘eny of the embryo: viz. by nuclear division, 
leading* to cell-division. The ex])ulsion of the polar bodies is 
nothing’ more than the removal of ovogenetic nucleo])lasm from 
the egg-C(‘ll. That the ovogenetic nucleoplasm continues to 
greatly pr(*j)ond(Mate in the nucleus up fo tlie very last, may be 
concluded from fhc fact that two successive divisions of the latter 
and the expulsion ot two ])olar bodies a])])ear to b(? the rule. If in 
this way a small part of the cell-body is expelled from the egg, 
the exf.rusion must in all probability be considered as an inevitable 
loss, without which the removal of the ovogenetic nucleoplasm 
cannot bo cl fee ted. 

This is my theory of the signidcance of polar bodies, and I 
do not inf, end to (jontrast it, ht e.rlcnw^ wifh the fheorios pro- 
poiinded b>' others ; for sucli theories are well known and dilfer 
essenlially from my own. All writers agree in supposing that 
something w'hi(‘h would bo an obsfa(de to end)rvonic development 
is removed Irom tlu? egg'; Init oj)inions dillbr as to the nature of 
this substance and the ])recise reasons for its removal k Some ob- 
servers (e. g. IVTinot'k van Heneden, and Balj'our) regard the 
nucleus as hermaphrodite, and assume that in the polar bodies the 
male eh'nuuit is exj)elled in order to render tlie egg capable of 
fertilization. Others speak of a rejuvenescence of the nucleus, 
others ag'ain believe that the (piantity of nuclear substance must bo 
reduced in order to ])ecome e([ual to that of the generally minute 
sperm-nucleus, and that the proportions for nuclear conjugation arc 
in this A\'a,y adjusted. 

The first view seems to me to be dis])roved 1)\' the fact that male 
as well as female (pialities arc transTiiitted ])y the egg-cell, while 
the s{)crm-cell also transmits female (pialities. The g(U’m-j)Iasm of 
the nucleus of the egg cannot thcrelbrc be considered as female, 

' Thnfl in 18^*7 Hfjtsolili tlioiiglit tluit ‘the cliief sljjfiiificance of the formation of 
polar bodies lies in the removal of part of the nuelens of the whether this 

removal is eifeeted by simple expulsion or by tlie budding of the egg-cell.’ ‘ Ent- 
wicklnngsgesehiehtliehe Heitriige ; ’ Zcit.*<ehrift fiir wissensehaftliehc Zoologie, Bd. 
XXTX. p. 237, footnote. 

C. S. Minot, ^Account, etc.;’ Broe. Boston Soc. Nat. Hist. vol. xix. p. 165, 1S77. 
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and that of the spcrm-niieleus cannot he considorod as male : both 
are sexually indiifevent. The last view has becai K'cently formulated 
by Strasburo'cr, who holds that the quantity of the idioplasm 
contained in the i>*crm -nucleus must be rcduec'd by one half, and 
that a whole nucleus is a<>*airi produced by coujui;-ati()u with the 
sperm-nucleus. Althoiio-li I believe that the fiiiulauienlal idea 
underlying* this hypothesis is perfectly correct, viz. that the in- 
fluence of each nucleus is as largely dependent upon its ([uantity 
as upon its quality, 1 must raise the objection that, the d(‘creas(^ in 
quantity is not the explanat.ion of the expulsion of polar bodies. 4'he 
quantity of idioplasm contained in the germ-niudeus is, as a matter 
of flict, not reduced by one-half but by three-fourths, for two 
divisions tahe place one after the other. Thus by conjugation 
with the sperm-nucleus, which we may assume to Ix^ of the same 
size as the g(‘rni-nucleus, a nucleus is produced which can only 
contain half as much idioplasm as was pn'sent in the original 
germ-nucleus, before division. Strasburger’s vit^w leaves un- 
explained the question wliy the size of tlu^ genn-nu(‘leus, i)elorc the 
expulsion of polar bodies, was thus twice as large ; and even il' wo 
neglect the theory of ovogenetic nucleoplasm and assunii^ that this 
larger nucleus was entindy made up of germ-plasm, it must 1)0 
asked why the egg did not commence segauentation earlier. The 
theory which exjdains the s])crm-cell as the vitalizing j)rinci])lc 
which starts embryonie develojmient, like the S])ark which kindles 
the gunpowder, would indeed answ(‘r this (juestion in a very simple 
manner. i3ut Strasburger does not accept this theory, and holds, 
as I do, a very dillerent vicAv, which will be (explained later on. 

]f, on the other hand, we assume t.hat the germ-nucleus contains 
two diflerent kinds of nucleo])lasm, the qiu'stion is answered ([iiito 
satisfactorily. In treating of parthenogenesis, furthei* on, I shall 
mention a fact which seems to me to furnish a n'al proof of the 
validity of this explanation ; and, if we accept this fa(d. for the 
present, it will be clear that the simple explanation now otfered 
of phenomena which arc otherwise so dillifadt t.o understand, 
would also largely sup])ort the theory of the continuity of the 
germ-plasm. Such an explanation would, above all, very clearly 
demonstrate the co-existence of two nucleoplasms Avith diflerent 
qualities in one and the same nucleus. My theory must stand 
or fall with this explanation, for if the latter were disproved, the 
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continuity of the germ-plasm could not be assumed in any instance, 
not even in the simplest cases, where, as in Diptera, the germ-cells 
are the first-formed products of embryonic development. For even 
in these insects the egg possesses a specific histological character 
which must depend upon a spccificalJy difliu’cntiated nucleus. If 
then two kinds of nucleo])lasm are not present, we must assume that 
in such cases the germ-plasm of the newly formed germ-cells, 
which has passed on unchanged from the segmentation nucleus, is at 
once transforuKMl entirely into ovogcnetic nucleoplasm, and miv^t be 
re-transformed into germ-plasm at a later period when the egg is 
fully mature. We could not in any way understand why such a 
re-transformation rccjuires the expulsion of ])art of tlic nuclear sub- 
stance. 

At all events, my explanation is sim])lor than all others, in that 
it only assumes a single transformation of part of the germ-plasm, 
and not the later re-transformation of ovogenetic nucleoplasm into 
germ -plasm, which is so improbable. The ovogcnetic nucleoplasm 
must possess entirely dilferent qualities from the germ-plasm ; and, 
above all, it does not readily lead to division, and thus we can better 
understand the fact, in itself so remarkable, that egg-cells do not 
increase in number by division, when they have assumed their 
specific structure, and are controlled by the ovog'enetic nucleoplasm.' 
The tendency to nuclear division, and consequently to cell-division, 
is not 2>i*oduced until changes have to a certain extent taken place 
in the mutual relation between the t\vo kinds of nucleoplasm 
contained in the germ-nucleus. This change is coincident with 
the attainment of maximum size by the body of the egg-cell. 
Strasburger, supported by his observations on tSpirogi/ra^ concludes 
that the stimulus towards cell-division emanates from the cell- 
body; but the so-called centres of attraction at the poles of the 
nuclear spindle obviously arise under the influence of the nucleus 
itself, even if we admit that they are entirely made up of cytoplasm. 
But this point has not been decided upon, and we may presume 
that the so-called ‘ Polkorperchen ’ of the spindle (Fol) are derived 
from the nucleus, although they are placed outside the nuclear 
membrane Many points connected with this subject are still in a 

‘ E. van Henedcn and J'overi have recently, quite independently of each other, 
made a more exact study of these * l^olkorperchen ’ Centrosoma,’ Hoveri). They 
show that nuclear division starts from these bodies, although the mode of origin of 
the latter is not yet (juito clear. — A. W., 1888. 
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state of uncertainty, and we must abstain from «'enoral conclusions 
until it lias been possible to demonstrate clearly the i)recise nature 
of certain phenomena attending* indirect nuclear division, which 
still remain obscure in spite of the efforts ol' so many excellent 
observers. We cannot even- form a decided opinion as to whether 
the chromatin or the acliromatin of tlie nuclear thread is the real 
idioplasm. Eut althouj^di these points are not yet Ihoroui^hly 
understood, wo are justified in maintainini^ that the cell enters 
upon division under the influence of certain conditions of the 
nucleus, althoug-h the latter arc invisilile until cell-division has 
already commenced. 

I now pass on to examine my hypothesis as to the si^'nificancc of 
the formatiion of polar bodies, in the light of those ascertained facts 
which bear u])on it. 

If the expulsion of the polar bodies means the removal of the 
ovogenetic nucleoplasm after the histological differentiation of the 
cgg-ccll is complete, we must expect to find polar bodies in all 
species except those in which the eg'g-eell has remained in a 
primitive undifferentiated condition, if indeed such species exist. 
Wherever the eg-g-cell assumes the character of a sjiecializcd cell, 
e. g. in the attainment of a particular size or constitution, in the 
admixture of food-yolk, or the formation of membranes, it must also 
contain ovogenetic nucleo])lasm, which must ultimately be removed 
if the germ -plasm is to gain control over the egg-cell. It does not 
signify at all, in this respect, whether the egg is or is not destined 
for fertilization. 

If we examine the Metazoa in regard to this question, wc find 
that polar bodies have not yet been discovered in sponges but this 
negative evidence is no proof that tiicy are really absent. In all 
probability, no one has ever seriously endeavoured to find them, and 
there are perhaps difficulties in the way of the proofs of their exist- 
ence, because the egg-cell lies free for a long time and even moves 
actively in the tissue of the mesogloea. We migdit expect that the 
formation of polar bodies takes ])lace here, as in all other instances, 
when the egg becomes mature, that is, at a time when the eggs 
are already closely enveloped in the sponge tissue. At all events 
the eg’gs of s])onges, as far as they arc known, attain a specific 

^ The existence of polar bodies in sponges has been recently proved by Fiedler : 
Zool., Anzeigef., Nov. 28, 1887. — A. W., 1888. 
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nature, in the possession of a peculiar cell -body, frequently con- 
taining* food-yolk, and of the nucleus which is characteristic of all 
aniijial og*gs during* the ])roccss of g*rowth. Hence we cannot 
doubt the presence of a s])ecific ovogenetic nucleoplasm, and must 
therefore also believe that it is ultimately removed in the polar 
bodies. 

In other Coelenterata, in worms, echinoderras, and in molluscs 
polar bodies have been described, as well as in certain Crustacea, 
viz. in BalanuH by I lock and in Cefocltilifs se.pfmtrionafc by Grobben. 
The latter instance ai)pcars to be (piite trustworthy, l.)ut there is 
some doubt as to the iormer and also as regards llloina fa Haphnid), 
in which (irobben found a body, which he considered to be a ])olar 
body, on the up])er pole of an eg*g* which was just entering upon 
segmentation. In insects polar bodies have not been described u]) 
to the present time and only in a lew cases in Vertebrata, as in 
Vcinmnjzon by Kupder and Benecke. 

It must be left to the future to decide whether the expulsion of 
polar bodies occurs in those large groups of animals in which they 
have not been hitherto discovered. The fact, however, that they 
have not been so discovered cannot be urged as an objection to my 
theory, for w e do not know a priori wdiether the removal of the ovo- 
genetic nucleoplasm has not been effected in the course of phylogeny 
in some other and less eonsjdcuous manner. The cell-body of the 
polar globules is so minute in many eggs that it w^as a long" time 
before the cellular nature of these structures Avas recognized^; and 
it is ])0ssible that their minute size may point to the fact that 
a phylotic process of reduction has taken place, to the end that the 
egg may be de])rived of as little material as possible. It is at all 
events proved that in all IMetazoan groups the nucleus undergoes 
changes during ilic maturation of the egg, Avhich are entirely similar 
to those which lead to the formation of ])olar bodies in those eggs 
which possess them. In the former instances it is possible that 
nature has taken a shortened route to gain the same end. 

It would be an im])ortant objection if it could be shown that no 

' They have now been observed in many species, so that their general occurrence 
in insects is tolerably certain, (/ompare bibliography given in VVeismaiin and 
Ischikawa, ‘ W^dtero IJntersuchnngen zum Zahlengesetz der KichtungskiJrper,* 
'Zoolog. Jahrbiiehcr,’ vol. iii. 1888, p. 593. — A. W., 1S88. 

^ Van Ecnedeu, even in his last work, considers these bodies to have only the value 
of nuclei ; 1. c., p. 394. 
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process corrcspondinij;* to the expulsion of polar l)odies takes place 
in the male i>‘crm-cells, for it is obvious ihat licre also we should, 
accordin<>- to my theory, ox])ect such a process to occur. The grea.t 
majority of sperm-cells differ so widely in character from the ordi- 
nary indiffei'cnt (i. e. undifferentiated) cells, that they are evidently 
liistolo^'ically differentiated in a very liiii;*!! dei>Tee, and hence tlui 
sperm-cells, like the yolk-forming o*orm -cells, must poss(‘ss a sjiccifie 
nuclear substance. The majority of s])erm-cells therefore resemble 
the somatic cells in that they have a speeilic histolo^i(‘al structure, 
but their characteristic form has nothini>-to do with their fertilizini^f 
power, viz. with their power of bein<»- the bearers of <>*erm-plasm. 
Important as this structure is, in order to render it ])Ossible that 
the e,i»‘i^-cell may be a])])roachcd and ])enetrafed, it has nothin^f to 
do witli the ])ro])eriy of' the sperm-cell to transmit the qualities of 
the species and of the individual to the following- generation. The 
nuclear substance which causes such a coll to assume the a])])earance 
of a thread, or a stellate form (in Crusiacea), or a boomerang form 
(present in certain Daphnids), or a (conical bullet shape (Nematodes), 
cannot possibly be the same nuclear substance as that which, after 
conjugation wifii the egg-cell, contains in its molecular structure 
the tendency to build up a new Metazoon of the same kind as that 
by whicli it was ])roduced. We must, therefore, conclude that the 
sperm-cell also contains two kinds of nucleoplasm, namely, germ- 
plasm and spermogenetic nucleo])lasm. 

It is true tluit we cannot say a priori whether the influence 
exercised on tlu^ sperm-<tell by the spermogenetic nucleoplasm 
might not be eliminated by some means other than its removal 
from the cell. It is conceivable, for instance, that this substance 
may be expelled from the nucleus, but may remain in the cell-body, 
where it is in some way rendered powerless. We do not yet. really 
know anything of the essential conditions of nuclear division, and 
it is quite impossible to bring forward any facts in suj)])ort of my 
})revous suggestion. The germ-plasm is supposed to be present 
in the nucleus oj'the growing egg-cell in smaller fjuantity than the 
ovogenctic nucleoplasm, and the germ-plasm gradually increases in 
(piantity: thus when the egg has attained its maximum size, the 
opposition between the two different kinds of nuclcoj)lasm becomes 
so marked, in consequence of the alteration in their quantitative 
relations, that their separation, viz. nuclear division, results. But 
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altlion^h we are not aljle to distinguish, by any visible charac- 
teristics, the different kinds of nucleoplasm which may be united 
in one nuclear thread, the assumption that the influence of each 
kind bears a direct proportion to its fpiantity is the most obvious 
and natural one. The tendency of the germ-plasm contained 
in the nucleus cannot make itself felt so long as an excess of 
ovogenetic nucleo])lasm is also present. We may imagine that 
the effects of the two different kinds of nucleoj)lasm are combined 
to produce a rcsulfant effect ; but wlien the two influences exft'rted 
upon the cell are nearly 0])posed, only the stronger can make 
itself felt, and in such a case the latter must exceed the former in 
quani.ity, because part of it is as it were neutralized by the other 
nucleo})lasm working in an opposite direction. This metaphorical 
rei)resenfation may give us a clue to ex])lain the fact that the 
ovogen(‘tic nuclco[)lasm comes to exceed the germ-plasm in (juan- 
tity. For obviously these two kinds of nu(deoplasm exert oppo- 
site tendencies in at l(‘ast one res])eet. fllie germ-plasm tends 
to effect the division of the cell into the two first segmentation 
spheres ; the ovogenetic nucleo])lasm, on the otluu’ hand, possesses a 
tendency towards the growth of the cell-body \vithout division. 
J I cnee the g('rm-])lasm cannot make itself fclf>, and is not able to 
expel the ovogenetic nucleoplasm until it has reached such a 
relaifive size as (mables it to successfully oppose the latter. 

Applying- these ideas to the sperm-cells w^e must see whether 
the (‘X])ulsion of ])art of the nuclear substance, viz. of the spermo- 
geneiic nucleo})lasm, (;orres2)onding to the ovogenetic nuclco^dasm, 
takes ])lace in them also. 

As far as we can judge from thoroughly substantiated obser- 
vations such ])henomena arc indeed found in many cases, although 
they a^qjcar fo be different from those occurring in the egg-cell, 
and cannot receive ([uilc so certain an inter])retation. 

The attemjd to i)rovc that a 2)rocess similar to the expulsion of 
polar bodies takes 2)lacc in the formation of sperm -cells has already 
been made by those observers who r(‘gard such ex2)ulsion as the 
removal of the male element from the egg, thus leading- to sexual 
differentiation ; for such a iheory also requires the removal of jwt 
of the nuclear substance from the maturing sperm-cell. Thus, 
according to E. van Ecneden and Ch. Julin, the cells which, in 
Ascans, produce the spermatogonia(mother-cclls of the spcrm-cclk), 
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expel certain elements from their nuclear plate, a plienomenon Avhich 
has not been hitherto observed in any other animal, and even in 
this instance has only been inferred and not dirc'ctlv observed. 
Moreover the sperm-cells have not attained tlu'ir specific form 
(conical bullet-shaped) at the time when this expulsion takes place 
from the spermato<j;‘onia, and we should ex])ect that the spermo- 
^•cnetic nuclco])lasni would not be removed until it has (‘om])li‘ted 
its work, viz. not until the specific shape of tlie sperm-cell has 
been •attained. We mi<^ht rather su])posc that ])henomena (ix])lic- 
ablc in this way arc to be witnessed in those sperm-blastophores 
(mother-cells of s})erm-cells) whi(;h, as has been known for a, loni»* 
time, are not employed in the Ibrmation of iho nuclei of sperm- 
cclls, but for the <>Teatcr part remain at the base of the latter and 
perish after their maturation and separation. In this case an in- 
lluence mi^’ht be ex(‘rted by these nuclei uj)on the specific form of 
the s])erm-cclls, for the former arise and dcv(jlope in the form of 
bundles of spermatozoa, in the interior of tlu' mother-cell. 

It has b(?cn already shown in many i>tou2)s of animals that ])arts 
of the S])crm-mother-cells^ perish, without devel(>i)ini>‘ into s[)enn- 
cells, as in Selachians, in the froo-, in many worms and snails, 
and also in mammals (lllomficld). Jhit the attention of observers 
has been directed to that part of the cell-body which is not used 
in the formation of s])erm-ce]ls, rather than to the niudcms ; and 
the proof that part of the nucleus also perishes is still wantin<** 
in many of these cases. Fresh investii>*ation must d(‘cid(i whether 
the nucleus of the sperm -mother-cell ])erishes as a i»’eneral rule, 
and whether ])art of the nucleus is rendered ])Owerless in some 
other way; where such mother-cells do not exist. Perhaps the 
paranucleus (Nebenkern) of the sperm-cell, first described by La 
Valette St. Gcorg*e, and afterwards found in many animals of very 
different <»Toups, is the analoi»*ue of the polar body. It is true that 
this so-called paranucleus is now considered as a condensed ])art of 

^ ? purposely ubstnin from using a more precise term, for the eouiplicated ter- 
minology employed in spermatogenesis hardly contributes anything to tlu; elucida- 
tion of tlie })heuoiiiena themselves. Wliy do we not simply speak of sperm-cells 
and apermatoblasts, and distinguish the latter by numljers wlien they oecur in 
suceessive generations of dilferent form? Moreover, nil tlie names whieh have been 
suggested for sueccssive stages of development, can only be applii'd to the special 
group of animals upon whieh the observations have been made, lienee great con- 
fusion results from tlie use of such terms as si)eriiiatobiasts, spermatogonia, sperma- 
tomeres, spermatocysts, spermatocytes, spermatogemmae, etc. 
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the cell-bodyj but we must remember that it has been hitherto a 
question whether the head of the spermatozoon is formed from the 
nucleus of the cell or from the paranucleus ; and that the observers 
who held the former view were in consequence oblig’cd to reg'ard 
the paranucleus as a ])roduct of tbe cell-body. Ihit accordinii;* to 
the most recent invosti^ntions of Fol Uoiile^, Ihdbiani'^ and Will^, 
upon the formation of the follicular e[)ithelium in the ovary of 
dilferent ii[‘rou])s, it is not improbable that parts of the nucleus 
may become detaclu'd without passing through the ])roeess of 
karyokincsis. Tims it is very ])ossiblc that the paranucleus may 
be a ])i'odiict of the main nucleus and not a condensed part of 
the ccll-l)ody. Tliis view is su])ported by its behaviour with stain- 
ing reagents, while tlie other view, that it arises from the cell- 
substance, is not based upon direct observation. Consec[uently 
future investigation must decide whether the paramicleus is to 
bo considered as the spermogenetic nucleoplasm ex})elled from the 
nucleus. Ihit even if this (piestion is answered in the aflii’inative, 
we should still have to explain why this nuclear substance, remain- 
ing in the cell-body, does not continue to exercise any control over 
the latter. 

Strasburger has recently enumerated a large number of cases 
from different grou])s of ])lants, in whi(di the maturation of both 
male and female germ-cells is accompanied by phenomena similar 
to the ex])ulsion of ])()lar bodies. In this respect the phenomena 
occurring- in the ])ollen-grains of Phanerogams bear an aston- 
ishing resemblance to the maturation of the animal egg. For 
instance, in the larch, the sperm-mother-cell divides three times 
in succession, the producf;S of division being’ very unofpial on each 
occasion ; and exactly as in the case of polar bodies, the three small 
so-called vegetative cells shrink rapidly after separation, and have 
no further physiological value. According to Strasburger, the so- 
called ‘ ventral canal-cell,’ which, in mosses, ferns, and Conifers, 

‘ l^ol, ‘ Sur Torigiiie des cellules du follicule et do I’ovnle cliez les Ascidies.* 
Compt. rend., 28 inai, 1SS3. 

“ Houle, ‘La structure dc I’ovaire et la formation des oeufs cliez les Pliallusiadees.' 
Ibid., 9 avril, 1883. 

^ llalbiani, ‘ Snr I’origine des cellules du follicule et du noyau vitellin de rccuf 
cliez les Geopliiles.’ Zool. Anzeiger, 1S83, Nos. 153, 156. 

* Will, ‘ Ueber die Eiitstebuiig des Dotters und der Epitlielzellen bei den Amplii- 
bien und Iiisecteu.’ Ibid., 1884, Nos. 167, 168. 
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separates from the female germ-cell, reminds us, in every way, of 
the polar bodies of animal eggs. Furthermore, the spermatozoids 
in the mosses and vascular cryptogams throw off a small vesicle 
before perrormiiig their functions^. On the other hand the ecpiiva- 
lents of ‘ polar bodies ’ (the ‘ ventral canal-cells ’) are said to be ab- 
sent in the Cyeads, although these arc so nearly allied to Conifers. 
Furtlunnuore, ‘no phenomenon occurs in the oos])hcri‘S (ova) of An- 
giosperms which can bo compared to the formation of ])olar bodies/ 
Strai^l)urger therefore concludes that the separation of certain parts 
from the gerrn-cells is not in all cases necessary for maturation, 
and that such phenomena are not fundamental, likt^ those of 
fertilization, which must always f ake jdace along f ^le saine morpho- 
logical lines. lie further concludes that the former j^henomcna are 
only necessary in the case of the germ-cells of certain organisms, 
in order to bring the nuclei destined for the si'xual act into the 
physiological condition necessary for its due ])erformance. 

1 am unwilling to abandon the idea that the ex])ulsion of the 
liistogenetic parts of the nuclear substance, during the maturation 
of germ-cells, is also a general ])henomonon in ])lants ; for the 
process a])pears to be fundanumtal, while the argument that it 
has not been proved to occur universally is only oi* doubtful value. 
The embryo-sac of Angios])erms is such a com])lex structure that 
it seems to me to be possible (as it do(‘s to Strasbiirger) that ‘ pro- 
cesses which ])recedo the formation of the egg-cell have borne 
relation to the sexual differentiation of the Tiucleus of tdie egg\* 
Jk'sidcs, it is ])Ossible that the vegetable egg-cell may, in certain 
cases, possess so simple a structure and so small a degree of histo- 
logical specialization, that it would not be necessary for it to 
contain any specific histogenctic nucleoplasm : thus it would con- 
sist entirely of germ-plasm from the first. In such cases, of course, 
its maturation would not be accompanied by the expulsion of 
somatic nucleoplasm. 

I^have hitherto abstained from discussing the question as to 
whether the proc(‘ss of' the formation of pobir bodic'S may recpiire 
an interpretation which is entirely different from that which I 
have given it, whether it may receive a j^urely mor])hological inter- 

It is almost certain that this vesicle is not derived from the nucleus, but from 
the cytoplasm of tin; sperm-mother-cell. See Douglas H. Campbell, ‘Zur Knt- 
wield ungsgeschichtc der Sperm atozoideu * in Herichtc dcr deutschen botanischen 
Gesellschaft, vol. v, 1887, p. 122. — S. S.] 
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pretation. In former times it could only he rci^arded as of purely 
phyleticsii^nilicance : it could only be looked upon as the last remnant 
of a ])roeess which formerly possessed some meaning*, hut which is 
now devoid of any physiological im])oriance. We are indeed com- 
pelled to admit that a ])rocess docs occur in connexion with the true 
polar bodies of animal eg’g-s, which we cannot explain on physio- 
logical gTounds ; I mean the division of the polar bodies after they 
have been ex[)elled from the egg. In many animals the two polar 
bodies divide again after their expulsion, so as to form four bodies, 
which disiimily possess the structure of cells, as Ihinchcse ol)scrved 
in the case ol' gasti’opods. Hut, in the first ])]ace, this second division 
does not always lake place, and, secondly, it is very improbable 
that a })rocess which occurs during the first stag^e of ontogeny, 
or moi’c proj)erly speaking, before the commencement of ontogeny, 
and whicdi is, therefore, a remnant of some excessively ancient 
])hylcl.ie stage, would have been retained up to the ])rescnt day 
unless it possessed some V('ry important ])hysiological signilicancc. 
AVe may safely maintain that it would have disap2)eared long' ago 
if it had been without any physiological importance. Relying 
on our knowledge of the slow and gradual, although certain, dis- 
api)earancc, in the course of ])hylogeny, of organs which have lost 
their fum^tions, and of processes which have become meaningh'ss, 
we are compelled to regard the j)rocess of the formation of ])olar 
bodies as of high [)hysi()log'ieal importance. Rut this view docs 
not exclude tlu; possibility that the process ])Ossessed a morpho- 
logical meaning also, and I believe that we are (piite justified in 
atten)])ting (as Jbltschli ^ has recently done) to discover what this 
morphological meaning may have been. 

Should it be llnally proved that the expulsion of polar bodies , 
is nothing more than the removal of histogenetic nucleoplasm 
Irom the germ -cell, the opinion (which is so intimately connected 
with the theory of the continuity of the germ-])lasm) that a re- 
transformation of specialised idioplasm into germ-plasm capnot 
occur, would be still further confirmed ; for we do not find that any 
part of an organism is thrown away simply because it is useless : 
organs that have lost their functions are re-absorbed, and their 
material is thus employed to assist in building uj) the organism. 

^ liiitsclili, ‘Gedjinken iiber die morpliologissclic Bedoutuiii^ der sogeiiaiiiiten Eicli- 
iungskorpercrhoii,’ JJiolog. Ceiitralblatt, Ed. VI. p. 5, 1S84. 
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ni. On the Natuke of Parthenogf.nesis. 

It is well known tlnit the formation of polar Ixxlios has been 
repeatedly connected with tlic sexuality of ^erni-cells, and that it has 
been employed to explain the ])hcnomena of ])artheuoi;'enosis. I 
may now, perhaps, bo allowed to dev'clope the views as to the 
nature of parthenoo-enesis at which I have arrived under the in- 
iluenc^ of my explanation of ])olar bodies. 

The theory of paithenoi>‘encsis ado])ted by Minot and llalfour is 
disting-uished by its sirnj)licity and cl(‘arness, among all other in- 
terpretations which had been hitherto olfered. Indeed, their ex- 
planation follows naturall}^ and almost as a matter of course, if the 
assum])tion made by these observers be correct, that t,ho ])olar 
body is the male part of the hermaphrodite egg-cell. An egg 
which has lOvSt its male part cannot dcvelope into an embryo until 
it has received a new mal(‘ jiart in fertilization. On the other 
hand, an egg Avhich does not. (‘X2)el iis male ])art may dcvelope with- 
out fertilization, and thus we are led to th(‘ obvious conclusion that 
])arthenogencsis is based u])on the non-exj)ulsion of polar bodies. 
Balfour distinctly states ‘ that i.he function of forming polar cells 
has been acquired by ihc ovum for the express j)ur])Ose ol* prevent- 
ing parthenogenesis h’ 

It is obvious that I cannot share this o])inion, for I regard the 
expulsion of polar bodies as merely the removal of the ovogenctic 
nucleo])lasm, on which deptuidcd the development of the specific 
histological structure of the egg*-cell. I must assume that the 
phenomena of maturation in the parthenogenetic egg and in the 
sexual egg are precisely identical, and that in both, the ovogenctic 
nucleoplasm must in some way be removed before embryonic de- 
velo])ment can begin. 

Unfortunately the actual proof ol* this assumption is not so com- 
plete^is might be desired. In the first ])hice, we are as yet uncer- 
tain whether polar bodies are or arc not ex])ellcd by parthenogenetic 
eggs^ ; for in no single instance has such cx])ulsion been established 
beyond doubt. It is true that this deficiency does not afford any 

^ F. M. Balfour, ‘ Comparative Embryology,’ vol. i. p. 63, 

^ The formation of a polar body in parthenogenetic eggs has now been proved : see 
note at the end of this Essay; see also Essay VJ. — A. W., 1888. 
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support to the explanation of Minot and Balfour, for in all eases 
in which polar Ijodics have not been found in partheno^-enetic e^gs, 
these strueinres are also absent from the ei**^’S which require fertiliza- 
tion in the same species. But althou^li the expulsion of polar 
bodies in parth(moo’enesis has not yet been ])roved to occur, wo must 
assume it to be nearly certain that the phenomena of maturation, 
whether connected or unconnected with the expulsion of polar 
bodies, are th(^ same' in the ei^*£);*s which derelopo parthenoiii'cnctically 
and iu those wliich are cajaible of fertilization, in one and the' same 
species, “l^his conclusion dejxmds, above all, upon the phenomena 
of ro])rocluction in bees, in wdueh, as a mat ter of fact, the same e^'g* 
may be fertilized or may dcvelope parthenogenetically, as I shall 
have occasion to describe in greater detail at a later period. 

Hence when w(‘ see that the eggs of many animals are ca])able of 
developing without fertilization, whil(‘ in other animals such de- 
velopment is im])ossible, the ditrcrence between the two kinds of 
eg;gs must rest u])on something more than th(‘ mode of transforma- 
tion of the nucleus of the germ-cell into the first sc'gmentation 
nucleus. There ar(‘, indeed, 1‘act.s which distinctly point to the con- 
clusion that the diderenee is based upon (piantitative and not 
qualitative relations. A large number of insects are exceptionally 
reproduced by the ])aiibenogenetic method, e. g. in Le])ido])tora-. 
Such develo])ment do('s not tak<‘ place in all tlie eggs laid by 
an unfertilized female, ])ut only in part, and generally a small 
fraction of tlie whole, while the rest die. But among tlie latter 
there are some which enter upon emhryonie development wdthout 
being able to eom])letc it, and the stage at wdiieh development 
may c(‘asc also varies. Jt is also knowui that tlie eggs of higher 
animals may ])ass through the first stagi's of si'ginentation without 
having been fertilized. This was show n to he the case in the egg 
of the frog hy Lcuekart^, in that of the fowd hy Ocllachcr and 
even in the egg of mammals by neiiscn 't 

Hence in such eases it is not the inqailsc t o development, bi]t the 

^ R. Leiickart, — article ‘ Zcnguiii:,’ iu II. Wa^^Mipr’s ‘ H.'iiulwiirterbncli dcr Phy- 
eiologie,’ 1853, I'd. IV. p. 938. Similar observations were made by Max Schultze. 
These observations aj^pear however to be erroneous, for Pfbii,au- has since shown that 
the eggs of frogs never develope if the necessary precautions are taken to prevent the 
access of any spermatozoa to the water. — A. W., 1 888. 

® Oellacher, ‘Die Veriinderungen des unbefruchteten Reims des Huhneheneies. 

‘ Zeitschrift fiir wisseiischaftliclie Zoologie,’ Bd. XXIT. p. 181. 187J. 

^ Hcnseii, ‘ Ccntralblatt,’ 1869, No. 26. 
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power to oomplcto it, which is absent. AVe know that force is 
always hound up with matter, and it seems to me that such 
instances arc best explained by the snpposilion that too small an 
amount of tliat form of matter is ])rcscnt, whi(*h, by its controlling 
ao'cncy, effects tlie buildino--up of the embryo by the transforma- 
tion of mere nutritive material. This substance is the «4‘erm-j)lasiii 
of the se<:>*mentation nucleus, and I have assumed above that it is 
altered in the course of ontoji^eny by chani>*es whicli arise from 
withili, so that, when sutlicient nourishment is afforded by the cell- 
body, each succeeding’ stage necessarily results from the preceding 
one. I believe that ehanges arise in the constitution of the 
nucleoplasm at eacli cell-division which takes ])lace during the 
building-u}) of the embryo, changes which either correspond or 
differ in the two halves of each nucleus. If, for the ])r(‘sent, we 
neglect the minutxi amount of unchanged gTrm-])lasm which is 
reserved for th(‘ formation of the germ-eells, it is clear that a great 
many different stages in the developuient of somatic nucl(’0])lasm 
are thus formed, which may be denominated as stages i, 2, 3, 4, &c., 
up to n. In (‘ach of these stages t.he cells differ more as develo])- 
ment proceeds, and as the number by which tin* stage is denomi- 
nated becomes higher. Thus, for instance, the two first segmen- 
Jation s])heres would r(‘pj’(‘sent fhe first stage of somatic nucleo- 
plasm, a stages which may be considered as but slightly different 
in its molecular structure from the nucleoplasm of the segmentation 
nucleus; the four first segmentation spheres would re])resent the 
second stage ; the succc^(Hling eight spheres the third, and so on. It 
is clear that at each successive stage the molecular structure of the 
nucleo])lasni must be further remov(;d from that of the g’c’rm-plasm, 
and that, at the same time, the cells of each successive stage must 
also diverge more widely among thcmiselves in the moh'cular 
structure of their nucleo])la.sm. Marly in develo])ment each cell 
must ])0ssess its own ])e('uliar nuclrojjlasm, for the further course of 
development is ])eeuliar to each cell. It is only in tin* later stages 
that e(puval(‘iit or nearly ecpiivalent (^ells are formed in large 
numbers, cells in which we must also suppose the existence of 
e q ui va 1 en t n u cl eo])l a s n 1 . 

If we may assume that a certain amount of germ-plasm must be 
contained in the segmentation nucleus in order to complete the 
whole process of the ontogenetic diflercntiation of this substance ; 

Q 2 
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if we may further assume that the quantity of ^crm-plasm in the 
sc<j;*rncntation nucleus varies in different cases ; then we should he 
a])le to understand why one e^j»- can only developc after fertiliza- 
tion, while another ean h(‘^in its development without fertilization, 
hut cannot finish it, and why a third is even .ahhi to complete its 
development. Wo should also understand why one only passes 
through the first stages of segmientation and is then arrested, while 
another reaches a few more stages in advance, and a third de- 
velopes so far that the cm])ryo is nearly eomplefcly formed. These 
differences would de})eiKl upon the extent to which the germ-plasm, 
originally j)reseiit in the egg, was suflicient for the dcvelo])nient of 
the latter ; dcvelojumuit will ho arrested as soon as the nucleoplasm 
is no longer ca])ahle of ])roducing the succeeding stage, and is thus 
unahle to enter upon the following nuclear division. 

J^Vom a general ])oint of view such a theory would explain many 
difficulties, and it w’ould render possible an exjdanation of the 
phyletic origin of' parthcnog(‘nesis, and an ade(juate understanding 
of the strange and ol'ten a])j)arently abrupt and arbitrary manner 
of its occurrence. In my works on 1 have already laid 

especial stress upon th(‘ ])ro]iosifion that parthenogenesis in insects 
and Crustacea certainly cannot he an ancestral condition which has 
been fTansmif-ted by heredity, but that it has been derived from a 
sexual condition. In wdiat other way can we explain the fact that 
parthenogenesis is ])resen<. in ceid-ain species or genera, but absent 
in otluu’s closely allied f.o them ; or the fact that males are entirely 
wanting in s])ecies of whi(di the females 2>ossess a com]>let(i ap2)aratus 
for fertilization? I wall not re])eat all the arguments with which 
T attem])ted to su})j)ort this conclusion h Such a conclusion may 
be almost certainly acce])ted for the Daplniiilac^ because 2)arthcno- 
genesis does not occur in their still living ancestors, the Phyllo- 
pods, and esp('cially the JisUteridaa. In JJaplnidac the cause and 
object of the jdiylctic dcvelojmient of j)arthenogcnesis may be traced 
more clearly than in any other gTOUp of animals. In DapJpiidae 
we can ac(xq)t the conclusion wdth greater certainty than in all 
other groups, exccq^t perhaps the Aphldae^ that ])arthenogencsis is 
extremely advantageous to s])ccics in certain conditions of life ; and 
that it has only been ado2)tcd when, and as far as, it has l)cen 

^ WeisLuann, 'Bcitriige zur Natiir^cschichte der Daphnoiden,’ Leipzig, 1876-79, 
Abhaudluug VII, arid ‘ Zeitsclirift fiir wissenscliaftlidie Zoulogie,’ J3d. XXXIII. 
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beneficial ; and further, that at least in this o'voup parthenotrcnesis 
became possible, and was adopted, in eacli s])(‘ci('s as soon as it 
became useful. Such a result can be easily undc'rsiood if it is only 
the presence of more or less g'erm-plasm which dcciih's whether an 
is, or is not, ca])al)le of develo])ment without Icriilizatiou. 

If we now examine the foundations of this hypoUu'sis wo shall 
find that we may at once accojit one of its assumptions, viz. that 
fluctuations occur in the (piantify of o^erm-])la,sm in the sooanen- 
tation* nucleus; for there (*an neviT be absolute e({uality in any 
single part of different individuals. As soon therefore as these 
fluctuations become so great that parthenogenesis is produced, it may 
becjomc, by Ihc ojieration of natural selection, the chief mode of 
reproduction of the siiecies or of certain gimera lions of' the species. 
In order to ])laco this theory ujion a firm basis, we have simjdy to 
decide whether the quaJitity of germ-plasm contained in the seg- 
mentation nucleus is the factor which determines develojnnent ; 
although for the present it will be sufficient if we (*an render this 
view to some extent probable, and show that it is not in contra- 
diction with established fact.s. 

At first sight this hypothesis seems 1.o enctounter serious diffi- 
culties. It will be objected that neither the beginning nor the end 
of embryonic development can possibly depend u])on the quantity 
of nucleoplasm in th(i segmentation nucleus, since the amount may 
be continually increased by growth ; for it is well known that 
during embryonic development the nuclear substance increases 
with astonishing rapidity. By an a])proximate calculation I found ^ 
that, in the egg of a Cj/uiprS-^ the (|uantity of* nuclear substance 
present at the time when the blastoderm w'as about to be formed, 
and when there were twenty-six nuclei, was even then seven times 
as great as the quanf.ity which had been contained in the seg- 
mentation nucleus. How then can we imagine that embryonic 
development would ever be arrested from want of nuclear sub- 
stance', and if such deficiency really acted as an arresting force, how 
then could development began at all ? We might sup])Ose that 
when germ-plasm is present in sufficient (piaiitily to start segmen- 
tation, it must also be sufficient to complete the development; for 
it grows continuously, and must presumably always possess a power 

' Weismaiin, znr Kenntnisa dcr ersten Entwicklungsvorgiinge im 

Insectenei,’ Bonn, 1882, p. 106. 
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equal to that which it possessed at the bcL;‘iiiniii^, and which was 
just sufficient to start the process of segmentation. If at each 
ontogenetic stage, the quantity of nucleo])lasm is just sufficient to 
produce the following stage, wc might well imagine that the whole 
ontogeny would necc'ssarily ho completed. 

The flaw in this argument lies in the erroneous assumption that 
the growth ol‘ nuclear su])stanco is^ when the qurilit.y of the nucleus 
and the conditions of nutrition are equal, unlimited and un- 
controlled. The intensity of growth must de])en(l u])on the “quan- 
tity of nuclear suhstance with whidi growth and the ])hcnomena. of 
segmentation comTueiKfed. There must he an o])tinium quantity 
of nucl(‘0])hism with which the growth of the nucleus proceeds 
most favourahly and rapidly, and this optimum will he represented 
in the normal size of the segmentation nucleus. Such a size 
is just suffiei(Mit to produce, in a certain time and under certain 
external (ionditions, the nuclear suhstance necessary for the construc- 
tion of the emhryo, and to start the long series of cell-divisions. 
When the seganentation nucleus is smaller, l)ut> largx^ enough to 
enter u])on segmentation, the niuilei of the two first emhryonic 
cells will fall rather more below the normal sizt‘, because the 
growth of the S(*gmentation nucleus during and after division will 
he less rapid on jiccount of it.s unusually small size. The succeed- 
ing generations of nuclei will (h'part more and more from the 
normal size in each respective stage, because they do not ])ass into 
a resting-stage during emhryonic development, hut divide again 
immediately after their formation. Hence nuclear growth would 
become less vigorous as the nuclei fell more and more below the 
optimum size, and at last a moment wovdd arrive when they would 
he unable to divide, or would he at least unable to control the cell- 
body in such a manner as to lead to its division. 

The first event of inq)ortance for em])rvonic development is the 
maturation of the egg, i. e. the transformation of the nucleus of the 
germ-cell into a nuclear spindle and the removal of the ovogenetic 
nucleoplasm by tln^ separation of polar bodies, or by some ana- 
logous process. There must be some cause for this separation, and 
I have already tried to show that it may lie in the quantitative 
relations which obtain between the two kinds of nucleo])lasm con- 
tained in the nucleus of the egg. I have suggested that the 
germ -plasm, at first small in quantity, undergoes a gradual increase, 
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SO that it can finally oppose the ovo«‘enetie inielooplasm. I will not 
further elaborate this suggestion, for the ascaMTaiiu'd facts are in- 
suflieicni for the purjiose. But tln^ appc'araneos witiu'ssed in nuclear 
division indicate that there arc o|)posing* forers, and that such a 
contest is the motiv^c cause of division ; and Roux ^ may be right 
in referring the o])position to electrical forces. However this may 
be, it is perfectly certain tliat the development of this opposition 
is based upon internal conditions arising during growtli in the 
nucUus iis(‘ir. The quantity of nuclear thread cannot by itself 
determine whether the nucleus can or cannot ('liter upon division ; 
if so, it would be imj)ossible for two divisions fo follow each other 
in raj)id succession, as is actually f.ho (‘ase in the se])aration of 
the two polar bodies, and also in their subsequent division. In 
addition f o the (dfcM'ts of (juantity, the internal conditions of the 
nuch'us must also play an inqiortant ])art in these jdicnomena. 
Quantity alone does not necessarily ])r()du(u' niich'ar division, or the 
nucleus of the (.'gg would divide long belore maluration is complete, 
for it contains much more nucleoplasm than five female ])ronucleus, 
which remains in the egg after tlie expulsion of the polar bodies, 
and which is in most cases incajiable of furtlu'r division. But the 
fact that scgmieutation begins immi‘diaf(dy aft('r the conjugation of 
male and female pronuch'i, also shows that (piantily is an essential 
requisite. The ('Ifec^t of feriilization has bei'ii r(q)rcseni,ed as ana- 
logous to that of the spark which kindles the gunpowder. In the 
latter case an explosion ensues, in the Ibrnier S(^gmentation begins. 
Even now, many autliorities are inclined to reler the polar repul- 
sion manifested in the nuclear division which immediately follows 
fertilization, to the antagonism between male and lemale ele- 
ments. But, according to the imj)ortant discoveries of Elernming 
and van Beneden, the polar repulsion in each nuclear division is 
not based on the antagonism between male and female loops, but 
depends upon the antagonism and mutual rc'pulsion between the 
two halves of the same loop. The loops of the fatlicr and those 
of the mother remain together and divide together throughout 
the whole ontogeny. 

What can be the explanation of the fact that nuclear division 
follows immediately after fertilization, but that without fertilization 


' W. lioiix, ‘Ueber die Bedeutung der Kerntheilungsfiguren.’ Leipzig, 1883. 
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it does not occur in most cases ? There is only one possible ex- 
planation, viz. the fact that the quantity of the nucleus has been 
suddenly doubled, as the result of conju^-aiion. The difference 
between the male and female pronuelci cannot serve as an explana- 
tion, even though the nature of this difference is entirely unknown, 
because polar repulsion is not developed between the male and 
female halves of the nucleus, but within each male and each female 
half. We arc thus forced to conclude that increase in the quantity 
of the nucleus a Herds an impulse for division, the disposition 
towards it being already present. It seems to me that this view 
does not encounter any theoretical difliculties, and that it is an 
entirely feasible hypothesis to suppose that, besides the internal 
conditions of the nucleus, its quantitative relation to the cell-body 
must be taken into especial account. It is imaginable, or perhaps 
even probable, that the nucleus enters upon division as soon as its 
idioplasm has attained a certain strength, quite apart from the 
supposition that certain internal conditions are necessary for this 
end. As above stated, such conditions may be present, but division 
may not occur because the right quantitative relation between 
nucleus and cell -body, or between the diflerent kinds of nuclear 
idioplasm, has not been established. I imagine that such a cpian- 
titative deficiency exists in an egg, which, after the expulsion of the 
ovogenetic nucleo])lasm in the polar bodies, requires fertilization in 
order to begin segmentation. The fact that the polar bodies were 
expelled proves that the quantity of the nucleus was suflicient to 
cause division, while afterwards it was no longer suflicient to pro- 
duce such a result. 

This suggestion will be made still clearer by an example. In 
Ascaris mcgaloccphaJa the nuclear substance of the female pro- 
nucleus forms two loops, and the male pronucleus does the same ; 
hence the segmentation nucleus contains four loops, and this is 
also the ease with the first segmentation spheres. If we suppose 
that in embryonic development, the first nuclear division requires 
such an amount of nuclear substance as is necessary for the forma- 
tion of four loops, — it follows that an egg, which can only form 
two or three loops from its nuclear reticulum, would not be able to 
developc parthenogcnetically, and that not even the first division 
would take place. If we further suppose that, while four loops 
are suflicient to start nuclear division, these loops must be of ^a 
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certain size and quantity in order to coin])loto the whole ontogeny 
(in a certain species), it follows that eggs possessing’ a reticulum 
which contains barely enough nuclear suhslanco to divide into 
four segments, would be able to produce the first division and 
perhaps also the second and third, or some later division, but 
that at a certain point during ontogeny, the nuclear substance 
would become insufficient, and development would be arrested. 
This will occur in eggs which enter upon development without 
fertilization, but are arrested before its completion. One might 
compare this retardation leading to the final arrest of development, 
to a railway train which is intended to meet a number of other 
trains at various junctions, and which can only travel slowly 
because of some defect in the engine. It will bo a little behind time 
at the first junction, but it may just catch the train, and it may 
also catch tlie second or even the third ; but it will be later at each 
successive junction, and will finally arrive too late for a certain 
train ; and after that it will miss all the trains at the remaining 
junctions. The nuclear substance grows continuously during de- 
velopment, but the rate at which it increases depends upon the 
nutritive conditions together with its initial quantity. The nu- 
tritive changes during the development of an egg’ depend n[)on 
the quantity of the cell-body which was present at the outset, and 
which ca-nnot be increased. If the quantity of the nuclear sub- 
stance is rather too small at the beginning, it will become more and 
more insufllcicnt in succeeding stages, as its growth becomes less 
vigorous, and diflers more from the standard it would have reached 
if the original quantity had been noiTiial. Consequently it will 
gradually fall more and more short of the normal quantity, like 
the train which arrives later and later at each successive junciion, 
because its engine, although with f.hc full pressure of steam, is 
unable to attain the normal s})eed. 

It will be objected that four loops cannot be necessary for nuclear 
division in jU^raris^ since such division takes ])laee in the formation of 
the polar bodies, resulting in the appearance of the female proniicleus 
with only two loops. But this fiict only shows that the ([uantity of 
nuclear substance necessary for the formation of four loops is not 
necessary for all nuclear divisions; it does not disprove the assump- 
tion that such a quantity is required for the division of the seg- 
mentation nucleus. In addition to these considerations we must not 
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leave the substance of the cell-body altogether out of account, for, 
although it is not tlie bearer of the tendencies of heredity, it must 
bo nec(*ssaiy for every change undergone by the nucleus, and it 
surely also ])Ossesses Ihe powtT of inlluencing changes to a large ex- 
tent. I'here must be scune reason for the fact that in all animal 
eggs with wliieh we are ac(juainted, the nucleus moves to the sur- 
face of the egg at the lime of maturation, and there ])asses through 
its well-known transf )rmation. It is obvious that it is irhere sub- 
jected to (lillenoit lulliiences from those which would have jicted 
upon it in the centre of the cell-body, and it is clear that such an 
une(jual cell-division as takes ])lace in the sej)aiation of the pohir 
bodies could not occur if the nucleus remained in the centre of 
the egg. 

This ex])lanation of the necessity for fertilization does not exclude 
the possibility, that/, under ccTtain cinaimstancc'S, the subslance of 
the egg-nii(deAis may be larger, so that it is capable of forming ibur 
loops. I^lggs which thus poss(‘Ss suflicient nucleoplasm, viz. germ- 
]>lasm, for the ibrmation of the re<[uisite lour loops ol* normal size, 
(namely, ol' the size which would have been produced by rertilization), 
can a,n(l must develoj)e by the ])arthenogenetic method. 

or course 1ih(‘ assuinpi ion that four loops must l)e fonm'd has only 
])een made for the sake of illustration. AVe do not yet know 
wheih(T tlu're are always exactly ibur loops in the segmentation 
nucleus h 1 may add iliat, although the details by which these 
considerations are illustrated are based on arbilrary assuni])tions, the 
fundamenlal view that the develo])ment of the egg depends, cefaris 
pariljiix, upon the cpiantity of nuclear substance, is certainly right, 
and follows as a necessary conclusion from the ascertained facts. It 
is not unlikely that such a view may reetdve direct proof in the 
results of iiituiv^ investigations. Such proof might for instance bo 
forthcoming if we were t,o ascertain, in the same sj)ecies, the number 
of loops ])ivsent in the segmentation nucleus of fertilization, as 
compared with those present in the segmentation nucleus of par- 
tlumogenesis. 

The reproductive ju’oeess in bees will ])erhaps be used as an argu- 
ment against my theory. In these insects, the same egg will de- 
velope into a female or male individual, according as fertilization 

^ We now know that the number of loops varies considerably in did’erent species, 
oven when they belong to the same grouj) of animals i^c.g. Nematodes).— A.W., 1888. 
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has or has not taken plaeo, ros])oetiv(‘ly. Uonco, one and the same 
eg*g' is capable of [ertilization, and also of parthonoi;*enet.ic develop- 
ment, if it does not receive a spermatozoon. It is in tlie power of 
the (jueen-])ee to ])roduco male or female individuals: by an act of 
will slie decides whether the e, <>*£[“ she is laving- is lo be fertilized or 
unfertilized. She ‘knows ])eforehand whet, her an e^n* will develojie 
into a male or a femah' animal, and deposits the latter kind in the 
cells of ([uetms and workers, the former in the cells ol' drones. It 
lias^jeen shown by the discoveries of Leiickart and von Sichold that 
all the e<>‘<>’S are ca])able of develo])in< 4 * into male individuals, and 
that they are only transformed into ‘female Ci»*_i>’s ’ by fertilization. 
This fact seems to be incom])ati])le wit h my theory as to the cause 
of parthenoj^'enesis, (or if the same [)OSsessinL>’ exactly the same 
contents, and above all tlui same S(‘< 4 ‘men(ai.ion niahais, may d(‘- 
velope s(‘xiially or ])artheno<>*enetieally, it a})])(‘ars that the ];ower 
of partheiKj^Mietic d(‘V('lopment must, depend on some factor other 
than th(‘ <piant.it.y ol‘ i’‘(‘rm-])iasm. 

Although this a])})ears to be the case, I believe that, mv theory 
encounters no real dinicuKy. T have no dould. whati(‘V(‘r, that the 
same vgg may develoju.' with or without, fertilization. Ihom a (*are- 
fnl stndv of the numerous excellent investigations u})on this ])oint 
which have been con<Inct(‘d in a paiiicularly strikijii** manner by 
Vessels- (in addition to the obs(‘rv(‘rs (pioted abov(‘), 1 hav(M*ome 
to the conclusion that tin' fact is absolutcdy cert.ain. It must be 
candidly admitted that the will d('velope into a drone 

when not fertilized, or into a worker or (pieen wlum lert.ilizcd. One 
of Bessels exjieriments is sutlicient to prove this assertion. He 
cut off the wiiii^-s of a younij;- (pieen and thus rendi‘red her inca])able 
of taking ‘ tlu^ nuptial tlight.’ lie tlnni observed t.hat all the (‘ggs 
which she laid developed into male individuals. 3his cx])eriment 
was made in order to prove that drones an? produced by unh'rt.ilized 
eggs; but it also proves that the assertion mentioiu'd abo\ (; is correct, 
for the eggs which ri])en first and are thenhorc first laid, would have 

^ This expression is used by bee-keepers, for instance by the well-known Baron 
Berlepsch. Of eour.te, it would be more accurate to say that the queen, seeing the cell 
of a drone, is stimuhitod to lay an unfertilized egg, and tliat, on the other hand, she 
is stimulated to lay a fertilized egg when she sees the etdl of a worker, or that of a 
queen. 

“ E. Bessels, *]-)ie Tiandois’^ehc Tlieorie widcrlegt dureh das Experiment.’ 
Zeitsehrift fiir wisscnschaftliche Zoologic, Bd. XVIll. p. 124. 1868. 
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been fertilized had the queen been impregnated. The supposition 
that, at certain times, the queen produces eggs requiring fertiliza- 
tion, while at other times her eggs dcvelope parthenogenetically, is 
quite excluded by this experiment ; for it follows from it, that the 
eggs must all be of precisely the same kind, and that there is no 
dilfenuK'.e between the eggs which re([uirc fertilization and those 
which do not. 

But does it therefore follow that the (juantity of germ-plasm 
in the segmentation nucleus is not the factor which determines 
the beginning of embryonic development ? I believe not. It 
can be very w('H imagined that the nucleus of the egg, having 
cxj)elled the ovog{'n(.‘tic nucleoplasm, may be increased to the 
size re(juisile for the segmentation nucleus in one of two ways: 
either by conjugation with a s])erm -nucleus, or by simply growing 
to double its size. Inhere is nothing improbable in this latter as- 
sumi)tion, and one is even inclined to inquire why such growth 
does not take ])lace in all unlertilizcd eggs. Hie true answer to 
this question must be that nature generally pursues the sexual 
method of re])roduction, and that the only way in which the 
gen(‘ral occurnuice of parthenogenesis could be prevented, was by 
the production of eggs which remained sterile unless they were 
fertilized, dliis was elfected by a loss of the capability of growth 
on the ])art of the egg-nucleus after it had expelled the ovogenetic 
nucleoplasm. 

The case of the bee ])roves in a very striking manner that the 
difference between eggs which ]*c(piirc fertilization, and those which 
do not, is not j)r()(lucc(l until after the maturation of the egg\ and 
the removal of the ovogenetic nucleoplasm. The increase in the 
quaniity of the germ-plasm cannot have taken })laee at any earlier 
period, or else the nucleus of the egg would always start embryonic 
develo})ment by itsell', and ihe egg would probably be incapable of 
fertilization. Tor the relation between egg-nucleus and sperm- 
nucleus is obviously based uj)on the flict that each of them is jn- 
sullicicnt by itself, and requires com])lction. If such completion 
had taken place at an early stage the egg-nucleus would cither 
cease to exercise any attractive force upon the sperm -nucleus, or 
else conjugjition would bo elfected, as in Tol’s interesting experi- 
ments upon fertilization by many spermatozoa ; and, as in these ex- 
periments, malformation of the embryo would result. In Daphiidae 
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I believe I have shown ^ that the suninior-e<>‘o’s are not only de- 
veloped parthenoijenctioally, but also that tlu'y are never fertil- 
ized ; and the explanation of this inea])aeilv for ((‘rdlization may 
perhaps be found in the fact that tlieir se,”'mentalion nuehms is 
already formed. 

VVe may tlicrefore conclude that, in bees, the nu(‘h‘us of tlie 
formed during maturation, may either eoujugate with ilu* speuan- 
nucleus, or else if no spermatozoon reaches the egg mav, under the 
stinfulus of internal causes, grow to double its size, thus attaining 
the dimensions ol the segmentation nucleus. f\^r our present pur- 
pose we may leave out of consideration tlie Jaet that in the latt(‘r 
case the individual produced is a mal(‘, and in the former case a 
female. 

It is clear that such an increase in th(‘ germ-])lasm must, dej)end, 
to a certain extent , upon the nutrition of the nucleus, and thus in- 
directly upon the body of the egg-cell ; but the increase must chi(dly 
depend iqion internal nuclear conditions, viz. upon tln^ cai>ability of 
growth. AVe must furtluT assume that the lattca- condition ])hiys 
the chief part in the process, for ev(‘rywh(‘r(‘ in the organii^ world 
the limit of growth depends upon the internal conditioi\s of t,he 
growing body, and can only be alteri'd to a small extent by ditfer- 
ences of nutrition. The phyletic ac([uisition of the ca])al)ilily of 
parthenogenetic development must therefore di^jxmd ii])on an alter- 
ation in the capability of growth j)Ossessed by tlu! nucleus, of the 
egg. 

This theory of parthcnogejiesis most nearly ap])roach(‘s Stras- 
burger’s views upon the subject, for he also ex])lains the non-occur- 
rence of parthenogenetic d(;velo])mcnt by the insunicient (pianlily 
of nuclcoj)lasm remaining in the egg alter the ox])ulsion of polar 
bodies. The former theory dilfers however in that the oecurnaice 
of parthenogenesis is supj)Osed to l)e only diu‘ to an incnsise of this 
madeoplasni to the normal size of the segmentation nucleus. St.ras- 
buj’ger assumes that ‘specially favourable conditions of nutrition 
counteract the dcticiency of nuclear idio])lasm,’ while it seems to 
me that nutrition must be considered as only of secondary im})ort- 
ancc. Thus in bees, as above stated, the same egg may develope 
parthcnogenetically or after fertilization, the nucleus being subject 
to the same conditions of nutrition in both cases. Straslnirger- 

I.C., p. 150. 


^ ‘ Dnpliuidcn,’ Abhamlli7i»g, vi. p. 32,}. 
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considers that parthenog*cn(‘sis may he interpreted by one of three 
possible explanations. I'irst, he su«*<>;’ests tliat especially favourable 
nutrition may lead to the com])letion of the nuclear idio])lasm. 
J5ut if this assumption be made, we must ask why a part of the 
idioplasm should be previously (‘xpelled, when immediately after- 
wards the prest'iiee of an e(jual amount becomes nec('ssary. Such a 
view can only be cxidained by the above-made assumjdion that the 
expelled nucleojdasm has a dilf'erent constitution from that possessed 
by the nucleojdasm which is afterwards formed. Tt is true that we 
do not yet certainly know whether a polar body is ex])elled in e<>\i>'s 
in which parlheno< 4 *(mesis occurs, but we do know that the of 
the bee ])asses throuiy’h the same stairs of maturalion whether it 
is to be fertilized or not. 1 can hardly accept 8 trasbu rover’s second 
sui>‘i);‘(‘stion, ‘that under some favourable conditions of nutril-ion half 
[or perhaps better, a (piarter] of the idio})lasm of the ei^g’-nucleus 
is suflicient to start the ])rocesscs oi' dcv(do])ment in the evto-idio- 
plasm.’ .finally, his third su<;\<:!;*(‘sti()n, ‘that the cyto-idioplasm, 
nourished by its surrounding's and thus increased in fpiantity, com- 
pels the nucleus of tdie to enter u})on division/ prcsupjjoses that 
t.he c(dl-b()dy i>‘ives the impulse for nuclear division, a su])i)osition 
which up to the present time remains at h'ast unpi’ov('d. The 
asceriaiiu'd facts a])pear to me to indicate ratlu'r that the cell- 
body serves only as a medium for the nut rition of t.hc‘ nucleus, and 
Foks recently mentioned observations, which have been especially 
quoted by Strasbui’<»‘er in sup])ort of his theories, stnun to me to 
rather con linn my conclusions. If supernumerary s])erm-nuclei 
penetrate into tlu' eo*o', they may, under the nutritive inlluence of 
the cell-body, b('comi‘ centres of attraction, and may take the first 
st.e]) towards nuclear and eell-division b\^ forming’ amphiasters. 
Such nuchu (;annot control the whole cell-body and force it to 
divide, butp each one of t.hem, having* ^towu to a certain size at the 
expense of the cell-body, makes its influence felt over a certain area. 
Strasburi>*er is (jiiite rii>ht in considering' this process as a ‘j^artial 
partheno^-encsis.’ Such ])artial partheno<»*enesis i)resumably occurs 
in all e^,LU -nuclei, but the latter cannot attain to complete partheno- 
^'(‘nesis when, as in Fobs supernumerary sperm-nuclei, their powers 
of assimilation are insutlicieiit to enable them to reach the re([uisite 
size. As before stated, the cell-body does not force the nucleus to 
divide, but rice rejm. It would, moreover, be ({uite erroneous to 
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sup};0P0 thiit parthcno<2^cnet.ic o.q'o-s must eoniain a laro-er amount of 
nutriiJve material in order to facilitate the <;-rn\\th of the imcleiis. 
The })art.lu‘noi»’enetie e^'i>;s of certain Dnphtf 'itlm’ [lh;l ho! r(>jif/(‘.s, 7 V///- 
])he]i}vx) are very miieli smaller than the \viiit('r-(‘o-os. uhieli retpiirc 
fertilization, in the same species. Jt is also an (‘rror (or SI rashiiro-er 
to eonchide that ‘it has been established with eerlalnt\' that favour- 
able conditions of nutrition cause parthenoo'enethi dcvelo])ment in 
.l)ajilnii(la(\ while unfavourable conditions caus(' the formation of 
e^^.^‘i^i*re([nirino* Ibrtilizal ion/ It is true that Carl Dil^in^-*, in his 
notable work U]:on the ori<>Mn of sex, has attemjded, in a most 
ingenious manner, to ])rov(', from my observations and exjuniments 
on the reprodiudion ol* Ihtplnmlar^ ‘that wintm* or summer-ciJ'^'S an^ 
formed accordin<>^ to the nutritive condition of i,lu' ovary/ J do 
not', however, believe that he has smaaaahMl in tJiis att(‘mj)t, and 
at all events it is (juite clear that the validity of sm-h conclusions 
is not fully estnldished. J have observed t hat, t.luj matiirini** e<>’^'s 
break uj) in the ovaries and ar(‘ absorbed in those Daj^liHulan 
[S'ula) wdiich are starved because sudiciemt lV)od cannot, be jiro- 
vided in captivity. ll('nce such animals live, as it w(‘r(', jit the 
ex])ens(j of tludr desca.mdants ; but. it woidd Ix' (jiiitx^ erroneous 
to conclude with J)iisin<j[\ from th(‘ similarity which such disa])- 
pearin^* e<4*<^*-folliclcs bear to the ^‘roups ol* ^x'rm-ci'lls which 
normally break uj) in the formation of wint('r-(‘H‘!4*s, that wit.li 
a less d(‘i>Tee of stai‘\’ation winter-e<>*<>-s Avould have been formed. 
Diisin^* furtluT (juotes my incidental remark that, the formation of 
restin”-ci^-<»*s in Jhijiliiua has bemi (‘specially IVecpicnt in acpiaria 
‘ which had been for some time im^h'ded, and in w hich it w as 
found that a i»M-cat iiuu’casc' in the numlxT of individuals had 
taken place!’ fie is entirely wroni»* in concluding' that ther(‘ 
w'as any want of food in t.hi'se n(‘<i;*lcct(Ml a^piaria ; and if 1 Jiad 
foreseen that sucdi conclusions would havi‘ Ix'cm drawn, I mi,<>ht 
have (‘asily s^aiarded against tlmm by adding- that in tlu'scj very 
a(piaria an undisturbed i»a'Owth of dincrent al.<>*a(‘ was nourishing, 
so that there could have Inxm no dcticiimcy, but., on the contrary, 
a ^reat abundance of nutritive material. 1 may add that since 
that time T have conducted some cxp(*rim(‘nts dirc'ctly bearini>‘ upon 
this (]uestion, by brin<^*in^‘ viri'-in females as near to the verL»*e of 


Carl DusiTl^^ ‘ Die Uegulirung des (JeRclileclitsverh.illnisses.’ Jena, [SS^. 
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starvation as possible, but in no case did they enter upon sexual 
reproduction ^ 

An author must have been to some extent misled by preconceived 
ideas when he is unable to sec that the manner in which the two 
kinds of eg*g*s are respectively formed, directly excludes the possi- 
bility of the ori^'in of sexual eggs from the effects of deficient or 
poor nutrition. The resting eggs, which require fertilization, are 
always larger, and require for their formation far more nutritive 
material, than the parthenogcnetic summer-eggs. In Moina, for 
instance, forty large food-cells are necessary for the formation of 
a resting egg, while a summer-egg only requires three. And 
Diising is aware of these facts, and quotes them. How can the 
formation of resting eggs depend upon the effects of poor nutrition 
when food is most abundant at the very time of their formation? 
In all those species which inhabit lakes, sexual reproduction occurs 
towards the autumn, and in such cases the resting eggs are true 
winter-eggs, destined to ])rcservc the species during the winter. 
Jhit at no time of the year is the food of the Daplfnhlae vSO abundant 
as in September and October, and frequently even until late in 
November (in South Germany). At this period of the year, the 
water is filled with flakes of animal and vegetable matter in a state 
of pai’tial decomposition, thus allbrding abundant food for many 
si)ccies. It also swarms Avith a large number of species of Crustacea, 
Radiolaria, and Infusoria ; and thus such Daphnids as the l^oly- 
phemldac arc also well i)rovided for. Hence there is no deficiency 
in the supjdy of food. Any one who has used a fine net in our fresh 
waters at this time of the year must have been at first astonished 
at the enormous abundance of the lower forms of animal life ; and 
he must have been much more astonished if he has fcecn able to 
compare such results with the scanty poj)ulation of the same 
localities in spring. Jhit it is during the spring and summer that 
these very DapJnildae reproduce themselves })arthenogcnetically. 
I am far from believing that my exj)erimcnts on Daplinidae are 
exhaustive and final, and 1 have stated this in my published 
writings on the subject ; but it seems to me that I have established 
the fact that direct influences, whether of food or of temperature, 
acting upon single individuals, do not determine the kind of eggs 

' T intend to publish these experiments elscAvhere in connexion with other 
observations. 



FOUNDATION OF A TIlEOllY OP HEREDITY. 


241 


wKich are to be produced ; but that such a decisive inlluence is to ])e 
found in the indirect conditions of life, and especially in the 
avera^^e frecpiency of the rccuiTeucc of adverse circumstances which 
kill whole colonies at once, such as the winter cold, or the drying*- 
Uf) of small ponds in summer. It is unnecessary ibr me 1o contro- 
vert Diisin<> in detail, as I have already taken this (tonrse in the 
case of Herbert Spencer’, who had also formed the hypothesis that 
diminished nutrition causes sexual rejuoduction. 

Owe of my observations seems, indeed, to su])})ort such a view, but 
only when it is considered as an isolated exam])le. 1 refer to the 
behaviour of the ^•enus Mohia, Females of this <>fenus which 
possess sexual ei>i»*s in tludr ovaries, and which would have (‘on- 
tinued to produce such eo-£>*s if males had been ])i*esent, enter in 
the absence of the latter ujion the formation ol* parthenoi>*enetic 
summer-e«*o’s, that is, if the sexual eg*i»*s have not all been extruded, 
but have been re-absorbed in the ovary. At (irst si^-ht, indeed, such 
a result appc'ars to indicate that the incr(‘ase in nutrition, ])ro(luccd 
by the breakino*-u]) of the lar<»*e winter-c.<>*<^ in the ovary, deter- 
mines the formjition of part.heno< 4 'enetic e<»',<>'s. ^fhis a])})arent con- 
clusion seems to be further conlirmed by the followini>‘ fact. The 
transition from sexual to iiartheno^cnetic re]>roduction only occurs 
in one species of iMo'nm [j\I. reef i rod nti), but in ibis species it occurs 
always and without exception, while in ilie other sp('cies which I 
have investigated (Jf. parado.va)^ winter-eggs, when once formed, are 
always laid, and such females can never produce summer-eggs. 
But in sj)ite of this fact, Jliising is mistakuui when he explains the 
continuous formation of sexual eggs in the lattci’ species as due to 
the absence of any great increase in the amount of nutrition, such 
as would have followed if the egg had broken up in the ovary. 
In many other J)aplniidae whicli have come under my notice, the 
females frccpiently enter again upon the formation of ])arth(!no- 
genetic summer-eggs, after having laid fertilized resting (\ggs, 
ui)on one or more occasions. This is the case, for instanc^e, in all 
the species of Dapknia with which I ain a(M[uainted, and such 
a fact at once proves that the almormal increase in nutrition 
produced by the absorption of winter-eggs cani^ot be the cause of 
the succeeding parthenogenesis. It also supports the ])roof that 

^ Weismann, ‘ Daphniden,’ Abhandlung, VII. p. 329; Herbert Spencer, ‘Tbe 
Principles of Biology,’ 1864, vol. i. pp. 229, 230. 
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a hi^h or low nutritive condition of the whole animal can have 
nothing to do with the kind of which are produced, for in 
the ahovc-qiiotcd instance, the nutrition has remained the same 
throughout, or at all events has not been increased. It is erroneous 
to always look for the explanation of the mode of egg-formation in 
the direct action of external causes. Of course there must he 
direct causes wliich determine that one germ shall become a winter- 
egg, and another a surnmer-egg; but such causes do not lie outside 
the animal, and liave nothing to do with the nutrilive condition of 
the ovary : they ;irc to be found in those conditions which we are 
not at ])rcsent able to analyze further, and whicli we must, in the 
meantime, call tJu^ specific constitution of the s])ecies. In the young 
malf's of .Daiilndiliw- the testes have precisely the same ap])earance 
as tin? ovaries of the young females^, but the former will, never- 
theless, ])roduc(‘ s])orm-cells and not ova. In such cases the sex of 
the young individual can always be identified by the form of the 
first antemna. and of tlie first thoracic a2)pendage, both of which 
are always clawed in the male. But who can ])oint fo the direct 
causes which determine that fhe sexual cells shall become s])crm- 
cells in this case, and not egg-cells? Does the determining cause 
depend on the conditions of nutrilion? Or, again, in the females, 
can the state of' nutrifion determine that the third out of a group 
of four g('rm-cells shall become an egg-cell, and that the others 
shall break up to serve as its food? 

It is, T think, clear that these arc obvious instances of the general 
conclusion that the direct causes def-ermining the direction of 
development in each case are not to be looked for in external con- 
ditions, but in the constitution of the organs concerned. 

We arrive at a like conclusion when we considci* the (piality of 
the eggs which arc iToduced. The constitution of one s]a3cies of 
Molna contains flic cause which determines that each individual 
shall jn’oducc wdiiter-cggs only, or summer-eggs only; while in 
another species the transition from the formation of sexual eggs to 
the formation of suminer-(3ggs can take ])lace, but only when the 
winter-egg reinaiiis unfertilized. Tlic latter case apjiears to me to 
1)0 notably a s])eeial adaptation, in this and other sj)ecies, to the 
(lelh'/iency of males, which is apt to occur. At all events, it is 

^ I’ho same fact lia-^ since been ascertained in 8pecie'=t belonging to several groups 
of animals. 
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obvious that it is an ailvanta«*c that an unlortilizcd sexual 
shall not he lost to the or<ifaiiism. The re-nl)sor])ti()u of the winter- 
e< 4 -g‘ is an aiTanji'emeiit whieli, without ])ein<;* the cause, is favourable 
to the production ot siiinnier-e<;*^*s. 

This subject is by no means a sim])]e one, as is ])rov('d by the 
behaviour of the small i^roup ol* Ihiihu'iditc, ddius in some species, 
the winter-eii*g*s arc^ produced by purely sexual females, which never 
enter upon parthenog“enesis ; in others, the sexual females may tahe 
the Kitter course, but only when males are absent ; in otbm-s, a^ain, 
they re^ndarly enter u])on partheno<ifen('sis. In my vork on 
Daphnidae^ I have attemjded to show that their behaviour in this 
res])oct is associated with the various external conditions under 
which the diilbrent species live ; and also t/nat the idtimate 
occurrence of the sexual period, and finally the whole cyclical 
alternation of sexual and partheno,i>*enetie reproduotioJi, d(‘pend 
upon adaptation to certain extcmial conditions of lih^. 

AVith the aid of my hyj)otliesis that the nucleus is com- 
posed of ovoi>‘enetic nucleoplasm and oHuan-plasm, 1 can now 
attempt to i^*iv(^ an a])proximate cxj)lanation of the nature and 
orif^in of t.lu^ direct causes whicti determine the })n)duction, at, one 
time of partheTU)i>;‘enctic summer-eg‘i»’Sj and at aiio1,her time of 
winter-e,< 4 \i>*s, re(pdrin<^’ fertilization. Jhit in such an explanation 1 
should also wish to include a, consideration of the causes which de- 
termine t,hc formation of the nutritive cells of the ei>*i;* and of' the 
s])erm-c(‘lls to wlindi I have alliah'd alxne. 

1 believe that the direct cause which detcu’mines wliy tlH^ 
ap])arently identical cells of the youn<j;* testis and ovajy in the 
'Dajduildac develope in s\ich difi'erent directions, is to be I'ound in the 
fact, that their nuclei i>ossess different histo”*enetic nuclcoj)lasms, 
wdiile, if we ne<»‘lect individual differences, the ”*erm-])lasm nunains 
precisely the same. In the s])erm-cells the histoi'-mietic nucleoplasm 
is s})crmog*enetic, in the e« 4 'g-cel]s it is ovogi'iKilic. This must 1)0 
conveded if our I'undamental view is cori*ect, that the sjx'cilic nature 
of the cell-body is determined by the nature of its nucleus. 

Similarly, the g-erni-cells of female Da/jli/ndac, which at first do 
not exhibit the smallest differences, must really d lifer in that their 
nuclei must contain diilerent kinds of nucleoi)lasm, which are 
present in dilferent proi)ortions. Germ-cells which are to produce 
a fiiiclv granular, brick-red, winter yolk [Moina redirodm) must 

u o 
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possess an ovog’cnetic nucleoplasm of a somewhat different mole- 
cular structure from those g‘crni-cells which have only to form 
a few large blue fat-glohulcs, as in the summer-eggs of the same 
species. It is further prol)ahle that different proportions obtain be- 
tween germ-plasm and ovogeiietic nucleoplasm, in these two kinds 
of germ-cells ; and it would be a very simple explanation of the 
otherwise obscure 2)art played by the food-cells, if we were to 
suppose that tliey do not contain any gei’m-plasm at all, and on 
this account do not enter upon embryonic development, bu't are 
arrested after growing to a certain size. Such an explanation, 
however, would not by itself show why they subsequently undergo 
gradual solution in the surrounding fluids. But since we know 
that egg-cells also begin to undergo solution as soon as the parent 
llaidinid is j)oorly nourished, we can hardly help also referring the 
solution of the food-cells to insufficient nourishment, occurring as 
soon as the egg-cell, after the attainment of a certain size, exercises 
a su2)erior power of assimilation. But hitherto we could not in any 
way understand why the third out of a group of gerrn-cells should 
always gain this superior power and become an egg-cell. If it 
could bo shown that its ])Osition is more highly favoured in respect 
of nutrition, we could understand why it outstrips the other three 
in development, and thus prevents them from further growth. 
Hut nothing of the kind can be sliown to occur with any degree of 
ju’obability, as 1 have iireviously mentioned in my wnrks on the 
subject. At that time, having no better explanation, I adopted 
the view in (question, although only as a provisional inter})reta- 
tion. It was not possible for me to seek in the substance of 
those four apparently identical cells for the cause of their different 
development ; but now I am justilied in offering the supposition 
that during the division of a primitive germ-cell into two, and after- 
wards into four germ-cells, an unequal division of the nucleoplasms 
takes place, in that one of the four cells receives germ-plasm as 
well as ovogenetic nucleoplasm, while the other three receive, the 
latter alone. Similarly, the fact that the second cell of the group 
may occasionally become an egg is also intelligible, although this 
fact remained quite inoxjdicable by my former interpretation. The 
fact that true egg-cells, or even the whole ovary with all its germ- 
cells, may break up and become absorbed when the animal has been 
starved for a certain period of time, seems to me to be no objection 
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to our present view, any more than the fact that an Infusorian may 
die from starvation would be an objection to tl\e supjiosition of the 
immortality of unicellular organisms. The growth of an organism 
is not only arrested by its constitution, but also by absolute want 
of food ; but it would be very foolish to ox])lain the dillerences 
in size of tlie various species of animals as results of the diderent 
conditions of nutrition to which they were subject. Just as 
a sparrow, however highly nourished, could never attain the size or 
foriii'of an eagle, so a germ -cell destined to become a, summer-egg 
could never attain the size, form, or colour of a winter-egg. It is 
by inteinal constitutional causes that the course of development is 
determined in both these cases ; and in the latter, the eaiise can 
hardly be anything more than the ditferent constitution of the 
nuclcojdasms. 

All these considerations depend upon the su])position that the 
egg-nucleus contains two kinds of idioplasm, viz. g(‘rm-])lasm and 
ovogenetic nucleo])lasm. I have not hitherto brought forward any 
direct evidence in favour of this assumption, but I believe that such 
proofs can be oldainod. 

It is well known that tliere are certain eggs in which the polar 
bodies are not expelled until after the entrance of spermatozoa. 
Brooks^ has already made use of this fact) as evidtmeo against 
Minot’s and Balfour’s theory; for he cpiite rightly conelud(‘S that 
if the ])olar bodies really possess the signiticaiiec o(' male cells, we 
cannot understand why such eggs arc unable to dcviJope witliout 
fertilization, when they still possess the male half of t.lie nucleus 
necessary for develo])ment. But such eggs (e.g\ that of the oyster) 
do not develope, but always die if they remain unfertilized. 

This argument can only be met by a new hyjnthesis, the con- 
struction of which I must leave to the defenders of the above- 
mentioned theory. But the observation in question seems to me 
to furnish at the same time a proof of the co-existence of two 
different nucleoidasms in the egg-nucleus. If the nucleoplasm of 
the polar bodies was also germ-plasm, we could not understand 
why such eg'gs are unable to develope parthonogenetically, lor at 
least as much germ-plasm is contained in the unfertilized egg as 
would have been present after fertilization. 

‘ Brooks, ^Tlie Law of Heredity.’ Baltimore, 1883, p. 73. 
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The only objection which can be raised ai^ainst this conclusion 
depends upon the supposition that the nncleoplnsin of the sperm- 
cell is (lunlitatively different from that of the e^g‘-ccll. I have 
already dealt with this view, but T should wish to refer to it aq-ain 
rather more in detail. Some years a q*o T expressed the opinion^ 
that the physioleqlcal values of the sperm-cell and of the eq*q*-cell 
must be identical; that they stand in the ratio of i ; i. But 
Valaoritis^' has broiiqlit forward the objcciion that if we consider 
the fiinciioTi of a c(‘ll as the measure of its physiological value, ‘it is 
only necessary to point to the rcspcciive functions of ovum and 
spermatozoon in order to show that their [diysioloq^ical values must 
be diflcrent. ‘ The eq*q'-ccll alone, by passinq* more or less com- 
pletely throuq-h the phylctic staqTS of the female parcTit, devclopes 
into a similar orqanism ; and althouq-h the presence of the sperma- 
tozoon is in most cases re(p]ircd in order to render possible such a 
result, the cases of parthenoq-encsis prove nevertheless that the 
eq«q* ejni do without this sti]r)ulus.’ This obj(‘ction appeared to be 
fully justified as lonq* as fertilization was looked upon as the ^vital- 
ization of tln^ qerm,^ and so lonq* as the sperm-cell was considered 
as merely ‘the spark that kindles the q*un])Owder,’ and further 
so lonq* as the q’crm -substance was believed to be contained in tljc 
cell -bod y. But now we can hardly qivc to the body of the eq*q- 
cell a. hiq*her siqnificanec than that of tlui common nutritive 
soil of the two nuclei which conjuq'ate in fertilization. But 
these two nuclei ‘are not dilferent in nature,’ as Strasburq*er says, 
and as T fully believe. They cannot differ in kind, for they both 
consist of q('rni-j)lasm belonq*inq* to the same s])ecies of animal or 
plant ; and then* ca])not be any decj)er contrast between f.hern such 
as would coiTcspond to the ditferonces between mature individuals. 
They cannot-, from their essential nature, exercise any special at- 
traction upon each other, and when vve see that sperm-cell and cqq- 
cell do nevertheless attract each other, as has been shown in both 
plants and animals, such a proj)erty must have been secondarily 
acquired, and has no other significance than to favour the union of 
sexual cells — an arrangement which may be compared to the vi- 
brating flagellum of the spermatozoon or ihe micro])yle of the egg, 
but which is not fundamental, and is not based upon the molecular 

' ‘ Zoitfcjclirift fiir wissenschaftlichc Zoolou;io,’ Ed. XXXIII. p. 107. 1^73. 

Valaoritis, 1. c., p. 6. 
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structure of the |[>*orin-plasm. In lower plant^^, rfcffer has proved 
that certain chemical stimuli emanate from the and atiract the 
spermatozoid; and accordin^^ to Strashurii^er, tlu' syn(‘ro*idae in tlie 
upper part of the embiyo-sac of Phanero^ij^'ains secrete a sul)stancc 
which is capahle of directing* the growtli of the ])ollen-t,id)e towards 
tlie egg-cell. In animals it is only known as yet i-hat spennal ozoa 
and ova do attract each other, so that, the former llnd tlu' latter and 
boro their way through its membranes. It has also been shown 
that' the sid)staince of the egg-body moves towards the ])ene- 
trating spermatozoon coue.H \\\ Ai^tenda^^ Fol) ; nnd 

that it someiimes enters u])on convulsive movements [Pcfroiiif/zou). 
Here therefore a mutual stimulation and attraction must exist; 
and perhaps we must also assume that there is an aitraci.ion l)e- 
tweon the two conjugai.ing nuclei, for we cannot, readily understand 
how the cytoplasm alone could direct the one to tlu; other, as 
Strasburger supposes. Acetording to Strasluirger’s hypot.h(‘sis, we 
must su])])ose that ])art of the specifie cyto[)lasm of the s[uu’in-cell 
contiiiiues to surround the nucleus after it has ])enetiraicd into tbo 
body of the egg. But however this may be, tlu; assununl attraction 
between the conjugating nuclei certainly cannot dej)end u])on the 
molecular structure of their germ -plasm, which is the same in both, 
but it must be due to some accessory circumstance. If it w(;re 
possilde to int-roducc the female pronucleus of an egg into another 
egg of the same species, immediately after the transibrmation of the 
nucleus of the latter into the female pronucleus, it is v(uy probable 
that the two nuclei would conjugate just as if a fertilizing s])erm- 
micleus had penetrated. If this were so, t he direct proof that egg- 
nucleus and s])erm-nucleus are identical would ])e furnished. Un- 
fortunately the ])ractical dilTiculties are so great that, it is hardly 
possible that the experiment can ever be made ; but such want of 
experimental ja-oof is partially compensated for by the fact., as(H;r- 
tained by .Berthold, that in certain Algae [Pcfocarpfffi and Sej/ZihsP 
phon) there is not only a female, but also a male part.licnog(‘nesis; for 
he shows that in these species the male gorni-cells may sometimes 
develope into plants, which however are very weakly b Furthermore 

’ 1 ([iiote from Falketibcrg, in Schenk’s ‘ ITamlbncli dor Dutanlk,’ lid, Ti. p. 219, 
He further st.atcs that these are the otdy iiisUnices liitlu rto known in wliicdi un- 
doubted male cells have proved to be ca])ab]e of further development when they have 
been unable to exercise their jDowers of fertilization, ft must be added that the two 
kinds of germ-cells do not dilfer in appearance, but only in behaviour ; the female 
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the process of conjugation may be considered as a proof that tliis 
view as to the secondary importance of sexual differentiation is 
the true one. At the ju'esent time there can liardly be any hesita- 
tion in accepting the view that conjugation is the sexual re])ro- 
duction of unicellular organisms. In these the two conjugating 
cells aie abriost always identical in a[)p(‘arance, and there is no 
evidence in favour of the assumption that they are not also identical 
in molecular structure, at l(‘ast so far as one individual of the 
same species may be; idenf-ical with another. Hut there are'-also 
forms in which the conjugating cells are distinctly differentiated 
into male and female, and these are conned, ( h 1 with ilie former by 
a gradual transition : tlnis in Vandonmi^ a genus of Volvocineac, we 
are unable to make out any dilferenccs between the conjugating 
cells, while large egg-cells and minute s})erm-cells exist in the 
closely alli(;d Volrox, If we must suppose that the conjugation of 
two entindy identical Infusoria has the same ])hysiol()gical effect as 
the union of two sexual cells in higher animals and ])lants, we can- 
not esea])e fhe conclusion that the process is essentially the same 
througliout: and tliat therefore the differences, which are perhaps 
already indicaf,(‘d in Pandonna and are VTiy distinct in / vh'ox and 
in all higher organisms, have nothing to do with the nature 
of the pro(a‘ss, but are of (piite secondary importance. If we further 
take into aceounf, the ext-renudy dillerent constitution of the two 
kinds of sexual cells in size, appearance, membranes, motile power, 
and finally in number, no doubt remains that these diffei'ences are 
only adaptations which secure tlui meeting of the two kinds of 
conjugating ecdls : that in each species they are adaptations to the 
l)eculiar conditions under which fertilization takes place. 


{^erm-cclls l)cc()iniiij^ fixed, and withdrawiii.i^ one of tlicir two flagella, while tlie m;de 
cells coutiime to swann. Hut even this sli^it tle^n'ce of diU'ereiitiatiou miuires the 
supposition of internal niolecular dilloreiitiatioii. 



NOTH. 

Ft is of considerahlo inijjortaiicc^ for ilio [)roj)(‘r aj>j)iveia(ioii of 
the views advanced in the jm'sent essay, to ascert.ain whellier a 
polar body is or is not e7v])ol1ed Irom e.<»‘i;‘S wliic'b d('V('1o])e paillieno- 
^i>'enetiea]ly. 1 wisli therefore to Inh'lly siat(‘ that I have re(*enl»ly 
succeeded in provintJ* tlie fonnation of a polar body of distinctly 
cc'llular structure in the sunmier-(‘<^*.' 4 's of najiJuthlai^ I ])ro])ose to 
2 )ul)lish a more detailed account in a iutiire paper. 

A. W. 

JllUV 22, 18S5. 
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PREP ACE. 

The ^rcatoi’ part, of tlic present essay was delivered at the lirst 
^^•cneral meeting;' of t.lie Association of German Naturalists, at 
Strasshur^, on tSeptemher lEtli, i<S 85 , and is printed in the Pro- 
ceedini^s of the tlfty-cd^htli meeting* of that Society. 

Tile form of a. lecture has been retained in the present juihlica- 
tion, lad. ii.s contents have been extended in many ways. Besides 
many small and a few laro-c additions to the text, I have added 
six ajipendices in order to treat of certain subjects more fully than 
was possible in the lecinre itself, in whicli I was often obliged to be 
content with mere hints and sug»‘g*esiions. '^fhis appears to be all 
the more necessary because it is impossible to su])])Ose that many 
views and id(‘as upon which the lecture was based would be well 
known to all readers, although they have been described in my 
former pajiers. It was above all necessary to deal with the class of 
acquired characters, which, as it seems to me, is easily confounded, 
es])ecially by the medical profession, with the much broader class of 
new characters generally. Only those new characters ca n be called 
‘ac(|uired’ which owe their origin to external influences, and the 
term ‘acquired’ must be denied to those which de[)end upon the 
mysterious relationshi]) between the different hereditary tendencies 
which meet in the fertilized ovum. These latter are not ‘ acquired’ 
but inherited, although the ancestors did not possess them as such, 
but only as it were the elements of which they are composed. 
Such new characters as these do not at present admit of an exact 
analysis: we have to be satisfied with the undoubted fact of their 
occurrence. The transmission or non-transmission of acquired cha- 
racters must be of the highest importaiufe for a theory of heredity, 
and therefore for the true aj)prcciati()n of the causes which lead 
to the transformation of sj)ecies. Any one who believes, as I do, 
that ae([uired characters are not transmitted, will be compelled in 
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atssume that tlio process of natural soloctioii lias had a far laro'er 
share in the tra ns formal ion of spc(*i('s ihan lias hoen as vet 
accorded to it; for if siudi characters are not Iransiiiitied, the 
modifying* inllncncc of oxtornal eireiinistances in many cases re- 
mains restricted to the individual, and cannot have any ])art in 
producini*' transformation. AVe shall also be compelled to abandon 
the ideas as to the origan of individual variability which have 
been^ hitheri.o accepted, and shall be oblii>Td to look tor a. new 
source of this phenomenon, upon which the jirocesses ot selection 
entirely do])(‘nd. 

In the following* pai>‘os I have* att(‘mj)t(‘d to sni;‘i»-cst such a 
source. 

A. W. 


l^liKIKUUC J. r*K., 

Noveiii/x'}' 22, 1SS5, 




SIGNfFrCANCE OF SEXUAL REPRODUCTION, etc. 


CONTENTS. 

1. ( Ian wc (lispcnso witli tlie pniicij)lo of natural selection ? . . . . 

2. Nilj^eli’s tlieory of trjiiisforination from internal causes . . t 

3. A definite course of development is possible without a self-changing idio- 

plasm 

4. (Conclusive importance of ‘ adaptations ’ ....... 

The structure of whales as an example of ada])tntion . . . . 

f). Transformation takes ])lace by the smallest steps ..... 

7. I'lie foundation of such minute changes depends upon individual varialnlity 

8. Difficulty in accounting for variability on the suj)j)osition of a continuity of 

the gerin-])lasni 

0. rrevious theories by which variability has been accounted for . 

10. Non -transmission of ac(piired characters 

11. Niigeli’s and Alexis . I ordaii’s experiments ....... 

12. (lerm-plasm is only altered with great dilTicnlty 

13. The source of individual variation lies in sexual reproduction 

14. The process (jf natural seloctii)?! does not operate when asexual repro- 

ductitm tak(.*s ])laco .......... 

15. Origin <)r variability in unicelbdar organisms ...... 

10. f^cxual re}>ruduction ellects combination ...... 

17. N. van Dcnedeii’s and V. llenseii’s theory of sexual rej'roduction as a process 
of rejuvenescence ........... 

IS. Theoretical objections to such a view 

1!). Original signilicance of conjugation ........ 

21). Vrcservatitm of sexual reproduction ])y luoaiiH of heredity . . . . 

21. It is lost in parthenogenesis for reasons of utility 

22. Parthenogenesis ])reve]its further transformations 

23. It cxcdiules Paiimixia and thus i)reveiits disused organs from becoming 

rudimentary ............ 

21. Pinal considerations 


APITINDTOPS. 

I. PURTJIER CONSJDEUATIUNS WIIIUH OPPOSE NaGELI’s EXPLANATION OF 
'irRANSFORMATION AS DUE TO INTERNAL CAUSES 

II. Nacei-i’s Explanation of Adaptation . . . . 

111. Adaptations in Plants 

iV. (3 n the Supposed Transmission of Acv^umED Characters . 

1. J>rowii-Sc<piard’s experiments on Cuiiica-pigs 

2. A case which at first sight appears to j»rovet!ie transmission of acquired 

characters . . 

V. On the Origin of Parthenogenesis 

VI. W. K. P.uooKs’ Theory of Heredity 


PAGE 

255 

256 

2 58 

260 

261 
264 
266 

266 

267 
267 
269 

271 

272 

274 

279 

282 

283 
2 86 
287 
2 89 

290 

291 
294 


« 298 
300 
308 
310 
310 

320 

323 

346 



THE SIGNIFICANCE OF SEXUAL REPllODUC TION IN 
THE THEORY OF NATURAL SFLFCriON. 


IIuiiiNG the qujirter of a ceiituiy vvliieli lias elapsed siiua^ Ru>lo<»*y 
bega.^ to occiqiy itself ai^-ain witli <‘*eneral probh'ins, at l(‘ast one 
main fact has been made dear by the united labours of nunuu’ous 
men of science, viz. the fiict that the Theory of Descent, the idea 
of dcvelojnnent in the organic world, is the only ('onception as to 
the oriii’in of the latter, which is scienti/l(*al]y tenable. It is not 
only that, in the lii>*ht of this theory, numerous iacts receive for the 
first time a nieanino' and si^aiilicance ; it is not only that, under 
its inlluencc; all the asccriaincd facts can b(‘ harmoniously i^Toujicd 
to^’cther ; but in some dc]>artments it has already yicdded the 
hig'hest results which can be expecbnl from any theory, it has 
rendered possible the prediction of facts, not indec'd with the abso- 
lute ceriainty of calculation, but still with a. hii»h (h^i^M’ee of 
probability. It has been jiredici.ed that man, who, in the adidt 
state, only possesses twelve pairs of ribs, would b(‘ found to have 
thirteen or fourteen in the embryoni(t state: it bus been pr(‘di(d)(‘d 
that, at this early period in his existence, lu; would jiossess the 
^ insignificant remnant of a very small bone in the ^\'rist, the so- 
called as* cculralc, which must have (‘xisted in tlu‘ adult condition 
of his extremely remote ancestors. Jloth predictions have been 
fulfilled, just as the ])lanet Neptune was discovered aftcT its ex- 
istence had been predicted from the disturbances induced in the 
orbit of Uranus. 

That existing species have not arisen independently, but Inivc 
been derived from other and mostly extinct sj)eei(‘s, and that on 
the whole this develo])ment has taken place in the din^ction of 
greater complexity, may bo maintained with the same d(‘g*ree of 
certainty as that with which astronomy asserts that Ike earth 
moves round the sun ; for a conclusion may b (3 arrived at as safely 
by other methods as by matlicrnatical calcidation. 

If I make this assertion so unhesitatingly, 1 do not make it in 
the belief that I am bringing* forward anything new nor because 
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I think that any opposition will he encountered, but simply because 
I wish to boi^’in by pointing;’ out tlie firm ground on which we 
stand, before considering the numerous ])ro])lems which s^till remain 
unsolved. Such proldems appear as soon as we ])ass from the facts 
of the case to tlieir explanation ; as soon as we j)ass from the state- 
ment ‘ The organic world has arisen by development,’ to the rpics- 
tion ‘ But how has this been ellectcd, by the action of what forces, 
by what means, and under what circumstances?’ 

In attempting to ans\V(‘r these ({uestioiis W(^ arc very far-from 
dealing Avith certainties ; and o])inions arc still conllicting. But 
the answei* lies in the domain of future investiigation, that un- 
known country which we have to explore. 

It is true tha.t this country is not ('iitirely unknowm,and if I am 
not mistaken, Charh's Darwin, who in our time has been the first 
to reviv'e the long-dormant theory of descent, has already given a 
sketch, which may well serve as a basis for the c()m])lete mn}) of the 
domain; although perhaj)s many d(‘tails will be added, and many 
others taken away. Jn the princi])lc ol’ natural selection, Darwin 
has indicated the rout/C by whhdi we must enter this unknoAvn land. 

But this o])inion is not imiversal, and only nx^ently Carl Niigeli^, 
the famous botanist, has expressed dc(dd(‘d doubts as to the general 
applica])ilily of the principle of natural selection. According to 
Nilgeli, tlui co-o})eration of the external conditions of life with the 
known forces of the organism, viz. heredity and variability, are in- 
sufficient to explain the regular courses of development ])ursued by 
the oiganic world, lie considers that natural selection is at best 
an auxiliary primdple, which accepts or rejects existing characters, 
but which is unable to (*reatc anything new: he believes that the 
causes of transformation reside within the organism alone. Niigeli 
further assumes that organisms conlaiji forei's which cause period- 
ical transformation of the s])eeies, and he imagines that the organic 
world, as a whole, has arisen in a manner similar to that in which 
a single individual arises. 

Just as a seed iiroduces a certain ])lant because it possesses a 
certain constitution, and just as, in this process, certain conditions 
must be favourable (light, warmth, moisture, &c.) in order that 
development may take place, although they do not determine the 

’ ‘ Mechmiisch-phypiolof^ische Thoorie dcr Abstainmiingalehre.’ Miinclien 

11. Loipzip;, 
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kind or the manner of development; so, in precisely^ the same way, 
the tree of tlie whole oru*anic world has o-rown up from the fu st 
and lowetjt forms of life on our planet, undcM* a necessity arisinj^* 
from within, and on the whole independently of external influences. 
According to Niigeli, the cause which eoni])els every form of living 
suhstanee to change, from time to time, in tlu; course (d' its secular 
growth, and which moulds it afresh into new s|)('cies, must lie 
within the organic substance itself, and must depend ujion its rnole- 
cuhft* structure. 

It is with sincere adnjiration and real pleasure that we read the 
exposition in which Niigeli gives, as it were, the result of all his 
researches which bear upon the great ([ucstion of the dcve]o[)ment 
of the organic Avorld. Ihit although we dcTivc true (*n joy merit from 
the contemplalion of the elaborate and ingeniously wrought-out 
theoretical concejition, — which like a beautiful building or a work of 
art is complete in itself, — and although yve must be convinced that 
its rise has dopcnd(‘d upon the progress of knowknlge, and that by 
its means we shall eventually i*each a fuller knowh'dg(‘ ; it is nev(‘r- 
theless true that w^c cannot ac(?ept the author’s fundamental 
hypothesis. 1 at least believe* that I am not alone in this respect, 
and that but few zoologists wdll be found who can ado])t the hypo- 
thesis which forms the foundation of Nilgeli s ilu^ory. 

It is not my intention at present to just.ify my own w'idely 
different views, but the subject of this lecture compels me to briefly 
explain my jiosition in relation to Nagcdi, and io give some ol'thc 
reasons why T cannot acci‘])t his theory of an active for(;e of traais- 
formation arising and working within the organism ; and t must 
also cx])lain the reasons which induce me to adherer to the tlu'ory of 
natural selection. 

The sup])osition of such a ])hyletie force of transformation (see 
Api)cndix T, p. 29(S) possesses, in my opinion, the g-reatest delect lhat 
any theory can have, — it does not explain the phenomena. 1 do not 
mean to imply that it is incapable of rend(*ring certain subordinate 
phenomena intelligible, but that it leaves a largo* number of facts 
entirely unexjilained. It does not afford any explanation of the 
purposefulness seen in organisms : and this is just the main problem 
which the organic world offers for our solution, ^fhat sjiecies are, 
from time to time, transformed into neyv ones might perhaps he 
understood by means of an internal transforming force, but that 
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they are so chang’cd as to become better adapted to the new con- 
ditions under which they have to live, is left entirely unintelligible 
by tliis theory. For we certainly cannot accept as an explanation 
Niigcli’s statement that organisms possess the power of being 
transformed in an adaptive manner simply by the action of an 
external stimulus (see A])])endix TI, p. 300). 

In addition to this fundamental defect, wc must also note that 
there are absolutely no i)roofs in su]>port of the foundation of this 
theory, viz. of the existence of an internal transforming force. 

Niigoli has very ingeniously worked out his conception of idio- 
plasm, and tliis conception is certainly an important acquisition 
and one that will last, although without the special meaning given 
to it by its author. But is this s])ecial meaning anything more than 
jiure hyj)othesis? (^an we say more than this of the ingenious de- 
scri])tion of the minute molecular structure of the hypothetical 
basis of life? Could not idioplasm be built up in a manner entirely 
diflerent from that which Nageli sup])oses? And can conclusions 
drawn from its supposed structure be Inought forward to prove 
anything? The only ])roof that idioplasm must necessarily change, 
in the course of time, as the result of its own structure, is to be 
found in the fact that Nageli has so constructed it ; and no one 
will doubt that the structure of idio])lasm might have been so con- 
ceived as to render any transformation from within itself entirely 
impossible. 

But even if it is theoretically possible to imagine that idioplasm 
possesses such a structure that it changes in a certain manner, as 
the result of mere groAvth, we should not be jus tided in thus 
assuming the existence of a new and totally unknown principle 
until it had been proved that known forces are insullicicnt for the 
explanation of the observed 2)henomena. 

Can any one assert that this proof has been forthcoming? It 
has been again and again pointed out that the phyletic development 
of the vegetable king*dom proceeds with regularity and according to 
law, as we sec in the preponderance and constancy of so-called 
purely ^ morphological ’ characters in plants. The formation of 
natural groups in the animal and vegetable kingdoms comj)els us 
to admit that organic evolution has frequently proceeded for longer 
or shorter periods along certain developmental lines. But we are 
not on this account compelled to adopt the supposition of un- 



IN THE THEORY OF NATURAL SELECTION. 259 

known internal forces which have determined such lines of de- 
velopment. 

Many years a«*o I attempted to prove ^ that the constitution or 
physical nature of an organism must exercise a restricting in- 
lluenco uj)on its capacity for variation. A given specie's cannot 
change into any other si)ecies, which may l)e thought oi*. A heetle 
could not be transformed into a vertebrate animal : it could not 
even become a grasshopper or a butterlly ; but it could change' into 
a neV species of beetle, although only at first into a specie's of 
the same genus. Every new species must have been direct, ly con- 
tinuous with the old one from which it arose, anel this fact alone 
implies that phyletic development must necessarily follow certain 
lines. 

I can fully understand how it is that a botanist has more incli- 
nation than a zoologist to take refuge in internal (level o])montal 
forces. The relation of form to function, the ada,])talion of the 
organism to the internal and external (conditions of life, is less 
prominent in plants than in animals : and it is even true that 
a large amount of observation and ingenuity is often necessary in 
order to make out, any a(la])tati()n at all. Tine tcm])tation to 
accept the view that everything depends u])on inUcrnal directing 
causes is therefore all the greater. INageli indeed looks at the 
subject from the op])osite ])oint of view, and considers that the 
true underlying cause of transformation is in animals o])scured by 
adaptation, but is more a])parent in ])lants-. Sufiicifmt justiHcation 
for this opinion cannot, however, be furnished by the fact that in 
jdants many characters have not been as yet exj)laiiied by ada])ta- 
tion. We. should do well to remember the ext(;nt to which tlie 
number of so-called ‘ morphological ’ (characters in ])lants has 
been lessened during the last twenty years. What a ilood of 
light was thrown upon the forms and colours of flowers, so often 
curious and apparently arbitrary, when Sprengel’s long-jicglccted 
discovery was extended and duly a,pi)reciated as tine result of Dar- 
win’s investigations, and when the subject was i'urthei* advanced 
by Hermann ^liillcr’s admirable researches ! en tlie venation 
of leaves, which was formerly consideixcd to be entirely without 
significance, has been shown to 2)ossess a high biological value 

^ ‘ Ueber die lierechtigung der Darwm’aclicn Theorie.’ Leipzig, l 868 , p. 27 . 

* 1. c., Preface, p. vi. 
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by the ingenious investig'atibns of »T. Sachs (sec Appendix III, 
p. 308). Wc have not yet reached the limits of investigation, and no 
reason can })c assigned for tlic belief that wc shall not some day 
receive an explanation of characters which are now unintelligible h 

It is ol)vious that the zoologist cannot lay too much stress upon 
the intimate connexion between form and function, a connexion 
which extends to the minutest details : it is almost impossible to 
insist too much upon the perfect manner in which adaptation to 
certain conditions of life is carried out in the animal body. In 
the animal body wc find nothing without a meaning, nothing 
which might be otherwise ; each organ, even each cell or part of 
a cell is, as it were, tuned for the special part it has to perform 
in relation to the surroundings. 

It is true that we are as yet unable to ex])lain the ada])tive 
character of every structure in any single s])ecics, but whenever 
we succeed in making out the significance of a structure, it 
always proves to be a Irc^sh example of adaptation. Any one who 
has attempted to study the structure of a species in detail, and to 
account for the relation of its ])aTts to the fuiujtions of the whole, 
will be altogether inclined to believe with me that everything 
depends upon adaptation. There is no part of the body of an 
individual or of any ol‘ its ancestors, not oven the minutest and 
most insignifi(*ant part, which has arisen in any other way than 
under the influence of the conditions of life ; and the parts of the 
body conform to these conditions, as the channel of a river is 
shaped by the stream which flows over it. 

These are indeed only convictions, not real proofs ; for we arc not 
yet s\ifilciently intimately acquainted with any sj)ecics to be able 
to recognize the nature and meaning of all the details of its struc- 
ture, in all their relations : and wc arc still loss able to trace the 
ancestral history in each case, and to make out the origin of those 
structures of which the presence in the descendants dej)ends pri- 
marily upon liercdity. But already a fair advance towards the 
attainment of inductive proof has been made ; for the number of 
adaptations which have been established is now very large and 


^ Since tlie above was written many other morphological peculiarities of plants 
have been rightly explained as adaptations. Compare, for instance, the investiga- 
tions of Stahl on the means by which plants protect themselves against the attacks 
of snails and slugs (Jena, iSSSj. — A. W., 1SS8. 
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is increasing* every day. If, however, wc aiitieijiate the results of 
future researches, and admit that an organism only consists of 
adaptations, based upon an ancestral cousl.ituiioii, it, is obvious 
that nothing remains to be explained Ijy a ])liyletic force, even 
though the latter be presented to us in the rclined form of Nii<>‘eli’s 
self-changing idioplasm. 

It will perha])S bo useful to illustrate my views by a familiar 
example. T choose the well-known grou]) of the whah's. These 
anirTials are ])lacontal mammals, which, probably in s(‘con(lary times, 
arose from terrestrial Mammalia, by adajdation to an a([uati(; lil'o. 

Everything that is characteristic o(' th(‘S(i animals and distin- 
guish(‘S them from other mammals depends ii[>ou this adaptation. 
Their fore-limbs have been transfornu'd into rigid ])addles, only 
movable at the shoidder-joint ; upon the back and tlu^ tail there 
are ridges with a form somewhat similar to the dorsal and caudal 
fins of fishes. The organ of hearing is without any external 
ear and without an air-containing extm’ual auditory meatus, ^liie 
aerial vibrations do not pass, as in other mammals, from the ex- 
ternal auditory passage to the tymj)anic cavity and thus to the 
nerve-terminations of the inner ear ; but- t hey reach the t-ym])anic 
cavity by direct transmission through tlie bones of the skull, 
which possess a special structure and contain abundant air-cjivities. 
This arrangement is obviously adajdcul for hearing in water, ^liu) 
nostrils also exhibit p(*culiarities, for tluy do not ()])en near the 
mouth, but u])on the forehead, so that t-lie animal eau breathe, 
even in a rough sea, as soon as it comes to the surface. In 
order to facilitate rapid movement in water, the wdiolc body has 
hecomc extended in length, and sjundle-sliaped, like t-ho body of 
a fish. The bind limbs are absent in no other mammals, the lish- 
likc Siremia being alone excepted. In the whales, as in the Sinma, 
these appendage's have hecomc useless, owing to the powerfully 
developed tail-fin ; they are now rudimentary and ce)usist of some 
sm'iiill hones anel muscles ele^eply buried in the hoely e)f the animal, 
which nevertheless, in certain species, still e^xhibit llio original 
structure of the hind-limb. The hairy covering* e)f other mam- 
mals has also disapj)earod, its place having* been taken by a thick 
layer of fat beneath the skin, which allbrels a mnch better pro- 
tection against cold. This fatty layer was also necessary in order 
to diminish the specific gravity of the animal, and to thus render 
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it equal to that of sea-water. In the structure of the skull there 
are also a nimiher of peculiarities, all of which are directly or in- 
directly connected with the conditions under which these animals 
live. Tn the whalebone whales, the enormous size of the face, 
the immense jaws, and wide month are very striking. Can it 
be su^o^ested that this very characteristic appearance is entirely 
due to the guidance of some internal transforming* force, or to 
some spontaneous modification of the idioplasm? Any such sug- 
gestion cannot be accepted, for it is easy to show that all Lihesc 
structural features depend u]^on adaptation to a peculiar mode 
of h'cding. Functional teeth are absent, but rudimentary ones 
exist in the embryo as relics of an ancestral condition in which 
these organs Avcrc fully developed. Large plates of whalebone 
with finely divided ends are sus])ended vertically from the roof 
of the mouth. These whales feed upon small organisms, about an 
inch in length, which swim or float upon the water in countless 
numbers ; and in order that they may subsist u])on such minute 
animals, it is necessary to obtain them in immense numbers. This 
is achieved by means of the huge mouth which takes in a vast 
quantity of water at a single mouthful. The water then filters 
away through the plates of whalebone, while the organisms Avhich 
form the whale’s food remain stranded in the mouth. Is it neces- 
sary to add that the internal organs — so far as we understand the 
details of their functions, and so far as their structure differs from 
that of the corresponding organs in other Mammalia — have also 
been direci.ly or indirectly modified by adapt ation to an aquatic 
life? Thus all whales possess a very peculiar arrangement of 
the nasal passages and larynx, enabling them to breathe and 
swallow at the same time : the lungs arc of enormoUvS length, and 
thus cause the animal to assume a horizontal position in the water 
without the exercise of muscular effort : in consequence of this 
latter modification, the diaphragm extends in a. nearly horizontal 
direction : there are moreover certain arrangements in the vascular 
system which enable the animal to remain under water for a con- 
siderable time, and so on. 

And now, in reference to this special example, I will repeat 
the question which I have asked before : — ‘ If everything that 
is characteristic of a group of animals depends upon adaptation, 
what remains to be explained by the operation of an internal 
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developmental force ? ’ What remains of a whale when we have 
taken away its adaptive characters? We are com])elled to reply 
that noihing* remains except the o-(MU'ral plan of mammalian 
organization, which existed previonsly in the mammalian ancestors 
of the Ccfacca, .But if cAwything which stamps these animals as 
whales has arisen hy adaptation, it follows that. Ihe intmaial de- 
velo]nneni.al force cannot have had any share in the origin of this 
group. 

A«d yet tliis very force is said to he the main fa(*tor in ihe 
transformation of species, and Nagel i iinlu^sitaiingly asserts that 
both the animal and veg^etable kingdoms would have become very 
much as they now are, if there had been no ada])tation to now 
conditions, and no such thing as competition in the struggle for 
existence h 

But even if we admit that such an assumption affords some 
explanation, instead of being the renunciation of all attempts at 
exi)lanai.ion ; if we admit that an organism, ihe characteristic 
j)cculiaritie8 of which imtirely de})end u})on ada[)i.aiion, has been 
formed by an internal developmental force ; we shoidd still be 
unable to ex])lain how it ha])pens that such aai oiganistn, suited to 
certain conditions of life, and unable to exist under ot her conditions, 
appeared at that very ])lace on the earih’s surface, and at tliat very 
time in the earth’s liistory, wliich ofhu’cd the conditions appropriate 
for its existence. As I have previously argued, the believers in 
an internal develo])inental force are compelled to invent an auxiliary 
hypothesis, a kind of ‘ju’o-establishcd harmony’ which explains 
how it is that changes in the organic world advance stc]) by step, 
parallel with changes in the crust of the earth and in other 
conditions of life ; just as, according to Leibnitz, body and soul, 
although independent of each other, proceed along parallel courses, 
like two chrononu'ters which keep pcu’fect time. And even this 
supposition would not be sutlicient, because the place must be 
taken into account as well as the time : thus the whales could not 
have existed if they had first appeared upon dry land. We know 
of countless instances in which a species is exclusively and precisely 
adapted to a certain localized area, and could not thrive anywhere 
else. We have only to remember the cases of mimicry in which 
one insect gains protection by resembling another, the cases of 
^ 1. c., pp. 1 1 7, 28(5, 



264 


THE SIGNIFICANCE OF SEXUAL REPRODUCTION 


protective reseTn])laiice to the hark or the leaves of a certain species 
of jjiant, or the numerous marvellous adaptations of parasitic 
animals to certain parts of certain species of hosts. 

A mimetic species cannot have appeared at any place other 
than that in which it exists : it cannot have arisen through an 
internal dcvTloj)m(‘n1al force. Ihit if single sj)ocies, or even whole 
orders like tlie Cc/acea^ have arisen independently of any such force, 
then we may safely assert that the existence of the supposed, force 
is neither re([uire(l hy reason nor necessity. 

Hence, ahstaining from the invocation of unknown forces, we arc 
justified in carrying on J)arwin’s attcm])t to explain the trans- 
formation of organisms by the action of known forces and known 
])henomena. J say ‘ carry on the attempt,’ because 1 do not believe 
that our knowledge in this direclion has ended with Darwin, and. 
it se(uns to me that we have already arrived at ideas which are in- 
cornjjatible with certain important points in his general theory, and 
which thei*efoi‘e necessitate some modification of the latter. 

The theory of natural selection explains the I’ise of new species 
by supposing that changes occur, from time to time, in those con- 
ditions of life to which an organism must ada])t itself if it is to 
continue in existence. Thus a selective process is set up whicK 
ensures that only those out of the existing variations are pre- 
served, which correspond in the highest degree to the changed 
conditions of life. By continued selection in the same direction 
the deviations iVom the ty])e, although at first very insignificant, 
are accumulated and increased until they become sj)ecilic differ- 
ences. 

I should wish to assert more definitely than Darwin has done, 
that alterations in the conditions of life, together with changes in 
the organism itself, must have advanced very gradually and by the 
smallest steps, in such a way that, at each })eriod in the whole pro- 
cess of transformation, the species has remained sulliciently adapted 
to the surrounding conditions. An abru])t transformation of a species 
is inconceivable, because it would render the si)ecies incaj^able of 
existence. If the whole organization of an animal depends upon 
adaidaiion, if the animal body is, as it were, an extremely complex 
combination of new and old adaptations, it would be a highly 
remarkable coincidence if, after any sudden alteration occurring 
simultaneously in many parts of the body, all these parts were* 
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changed in such a manner that they again formed a whole which 
exactly corresponded to the altered external conditions. Those who 
assume the existence of such a sudden translbnuation overlook the 
fact that everything in the animal body is exactly calculated to 
maintain the existence of tlie species, and that it is just sufficient 
for this purpose ; and they forget that the minutest; change in the 
least important organ may be enough to render the species in- 
capable of existence. 

may i)erhaps bo objected that the case is different in plants, as 
is proved by the American weeds which have spread all over 
Europe, or the bluropean plants wliich have become naturalized in 
Australia, llelerence might also be made to the plants which 
inhabited the plains during the glacial epoch, and which at its 
close migrated to the Alpine mountains and to the far north, aTul 
which have nunained unaltered under the a])parently diverse con- 
ditions of life to which they have been subjected for so long a 
time. Similar instances may also be found among animals. The 
rabbit, which was brought by sailors to the Atlantic island of Porto 
Santo, has bred abundantly and remains unchanged in this locality; 
the European frogs, which were introduced into Madeira, have in- 
creased immensely and have become almost a plague ; and the 
European sparrow now thrives in Australia quite as well as with us. 
Hut these instances do not prove that ada|)tation to external 
conditions of life is not of primary importance ; they do not prove 
that an organism which is axiapted to a certain environment will, 
when unmodified, remain capable of existence amid new surround- 
ings. They only prove that the above-mentioned species found 
in those countries the same conditions of life as at home, or at 
least that they met with conditions to which their organization 
could be subj'ected without the necessity for modification. Tvlot 
every new environment includes such changed conditions as will be 
effective in modifying every species of plant or animal, ^bhe rabbit 
of Porto Santo certainly feeds on herbs different from those which 
form the food of its relations in Euroj)e, but such a change does 
not mean an effective alteration in the conditions under which this 
species lives, for the herbs in both localities are equally well suited 
to the needs of the animal. 

But if we suppose that the wild rabbit, occurring in Europe, were 
to suddenly lose but a trifle of its wariness, its keen sight, its fine 
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sense of hearing or of smell, or were to suddenly acquire a colour 
different from that which it now possesses, it would become in- 
capable of existence as a species, and would soon die out. The same 
result would probably occur if any of its internal org*ans, such as 
the lun«’S or the liver, were suddenly modified. Perhaps single 
individuals would still remain capable of existence under these cir- 
cumstances, but the whole species would suffer a certain decline 
from the maximum development of its powers of resistance,* and 
would thus l)ecome extinct. -^J^he sudden transformation of a species 
ap])ea,rs to me to be inconceivable from a physio loi^ical point of 
view, at any rate in animals. 

} Fence the transformation of a species can only lake place by the 
smallest stej)S, and must depend upon the accumulation of those 
diflercaices which characterise individuals, or, as we call them, 

‘ individual difibrences.’ There is no doubt that these difierences 
are always present, and thus, at first si^’lit, it a])])cars to be simply 
a matter of course that they will afford the material by means of 
which natural selection produces new forms of life. But the case is 
not so sim])lc as it appeared to be until recently; that is if I am 
ri^ht in ladievin^ that in all animals and plants which arc repro- 
duced by true o'crms, only those characters which were ])otentially 
])resont in the germ of tlie parent can be transmitted to the 
succeeding generation. 

I believe iliat heredity de])ends u})on the fact that a small portion 
of the effective substance of the germ, the germ-jdasm, remains 
unchanged during the development of the ovum into an organism, 
and that this })art of the germ -plasm serves as a foundation from 
which the germ -cells of the new organism are produced h There is 
therefore continuity of the germ -plasm from one generation to 
another. One might represent the germ-plasm by the metaphor of 
a long creeping root-stock from which jdants arise at intervals, 
these latter representing the individuals of successive generations. 

Hence it follows that the transmission of acquired characters is an 
impossibility, for if the germ-])lasm is not formed anew in each 
individual but is derived from that which preceded it, its structure, 
and above all its molecular constitution, cannot depend u])on the 
individual in which it haj)pens to occur, but such an individual 

‘ Compare the second and fourth of the preceding Essays, *On Heredity’ and ‘The 
Continuity of the Germ-plasm as the Foundation of a Theory of Heredity.’ 
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only forms, as it were, the nutritive soil at the expense of which the 
germ-plasm grows, while the latter possessed its characteristic struc- 
ture from the beginning, viz. before the commencoment of growth. 

But the tendencies of heredity, of which the germ-plasm is the 
bearer, depend upon this very molecular structure, and hence only 
those characters can be transmitted through successive generations 
which have been jweviously inherited, viz. those characters which 
were potent, ially contained in the sl.ructurc of the germ-plasm. It 
also 4 V)llows that those other characters which have been accpiired by 
the influence of special external conditions, during the life-time of 
the })arent, cannot be transmitted at all. 

The opposite view has, up to the present time, been maintained, 
and it has been assumed, as a matter of course, that acquired 
characters can be transmitted ; furthermore, extremely complicated 
and artificial theories have been constructed in order to exj)lain how 
it may be possible for changes produced by the action of external 
influences, in the course of a life-time, to be communicated to the 
germ and thus to become hereditary. J 5 ut no single fact is known 
which really proves that accpiired characters can bo transmitted, 
for the ascertained facts which seem to point to the transmission of 
artificially produced diseases cannot be considered as a proof ; and 
as long as such proof is wanting wc have no right to make this 
supposition, unless com])elled to do so by the impossibility of 
suggesting a mode in which the transformation of species can take 
place without its aid. (See A])pendix IV, j). 310.) 

It is obvious that the unconscious conviction that we need the 
aid of acquired characters has hitherto securely maintained the as- 
sumed axiom of the transmission of such features. It was believed 
that we could not do without such an axiom in order to exjfiain the 
transformation of species ; and this was believed not only by those 
who hold that the direct action of external influences plays an 
important part in the process, but also by those who hold that the 
operation of natural selection is the main factor. 

Individual variability forms the most important foundation of 
the theory of natural selection: without it the latter could not 
exist, for this alone can furnish the minute differences by the 
accumulation of which new forms are said to arise in the course of 
generations. But how can such liereditary individual characters 
exist if the changes wrought by the action of external influences, 
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during* the life of an individual, cannot be transmitted? We are 
clearly compelled to find some other source of hereditary in- 
dividual dilferences, or the theory of natural selection would collapse, 
as it certainly would if hereditary individual variations did not 
exist. If, on the other hand, ac(piired din'erences are transmitted, 
this would prove that there must be something wrong in the 
theory ot the continuity of the germ-plasm, as aliove described, and 
in the non-transmission of a(i([uired characters which results from 
this theory. But I b(‘lieve that it is possible to sug’gcst that the 
origin of hereditary individual characters takes place in a manner 
(piite dillerent Irom any which has been as yet brought forward. 
To explain this origin is the task which I am about to undertake 
in the following ])ages. 

The origin ot individual variability has been hitherto represented 
somewhat as follows. The phenomena of herc^dity lead to the 
conclusion tluit each organism is ca])able of producing germs, from 
Avhich, theoretically at least, exact coj)ies of the parent may arise. 
In reality this is never the case, because each organism possesses 
the 1)0 wor of reading on the dillerent external influences with 
which it is brouglit into (contact, a power without which it 
could neither dcvelope nor exist. Each organism reacting in a 
dillerent way must be to some extent changed. Eavourable nutri- 
tion makes such an organism strong and large ; unfa.voural)le nu- 
trition rcuulers it small and weak, and what is true of the whole 
organism may also bo said of its parts. Now it is obvious that 
even the children of the same mother meet with influences dillerent 
in kind and degree, from the very beginning of their existence, so 
that they must necessarily become unlike, even if we suppose them 
to have ])con derived from absolutely identical germs, with precisely 
the same hereditary tendencies. 

In this manner individual dilferences are believed to have been 
introduced. But if acquii-ed characters are not transmitted the 
whole chain of argument collapses, for none of those changes which 
arc caused by the conditions of nutrition acting upon single parts 
of the whole organism, including the results of training and of the 
use or disuse of single organs, — none of these changes can furnish 
hereditary dilferences, nor can they bo transmitted to succeeding 
generations. They are, as it were, only transient characters as far 
as the species is concerned. 
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The children of accomplished pianists do not inherit the art of 
playing the piano; they have to learn it in the same laborious 
manner as that by which their ])arcnts acquired it ; they do not 
inherit anything* excci)t that which their ])a rents also ])ossessed 
when children, viz. manual dexterity and a g’ood ear. hurthormore, 
language is not transmitted to our children, although it has been 
practised not only by ourselves but by an almost endless line of 
ancestors. Only recently, facts have again been worked u]) and 
broi^'ht together, which show that children of highly civilized 
nations have no trace of a language when they have grown up in 
a wild condition and in complete isolation h The power of speech 
is an acquired or transient character : it is not inherited, and cannot 
bo transmitted : it disapj)ears with the organism which manifests it. 
Not only do similar ])henornena occur in the vegetable kingdom, 
but they present themselves in an esj)ecially striking manner. 

When Nageli- introduced Alpine plants, taken from Iheir natural 
habitat, into the botanical garden at IMunich, many of the species 
were so greatly altered that they could hardly be recognized : for 
instance, the small Alpine hawk-weeds became large find thickly 
branching, and they blossomed freely. Jhit if such plants, or even 
their descendants, were removed to a poor gravelly soil the new 
characters entirely disappeared, and the plants were re-transformed 
into the original Alpine form. The re-trans formation was .always 
complete, even when the species had been cultivated in rich garden 
soil for several generations. 

Similar experiments with identical results were made twenty 
years ago by Alexis Jordan^, who chiefly made use of JJraba verna 
in his researches. These experiments furnish very strong proofs, 
because they were originally undertaken without the bias which 
may be given by a theory. Jordan only intended to decide experi- 
mentally whether the numerous forms of the plant, fis it occurs 
wild in different habitats, are mere varieties or true species, lie 
found that the different forms do not i)ass into one another, and 

^ Compare llauber, ‘ Homo sapiens ferns oder die Zustiinde <ler Verwilderten.’ 
Leipzij[,% 1885. 

^ ‘ Sitzun^sbericlite der baierisclien Akademie der Wissenschaften,’ vom 18 Nov. 
1865. Compare also liis ‘ Mcclianisch-pliysiologische Tlieorie der Abstammungslehre/ 
p. 102, etc. 

® Jordan, ‘Rcinarques siir le fait de 1 ’ existence cn societe dea especes vegetalcs 
aflines.’ Lyon, 1873. 
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are in all cases re-transformed after they have been altered by culti- 
vation in a soil different from that in which they usually g-row, 
and he therefore assumed that they were true species. All these 
experiments therefore confirm the conclusion that external influences 
may alter the individual, but that the changes produced arc not 
transmitted to the germs, and are never hereditary. 

Nageli indeed asserts that innate individual differences do not 
exist in plants. The diflcrences which wo find, for instance, be- 
tween two beeches or oaks, arc always, according to him, modifi- 
cations produced by the influence of varying local conditions. But 
it is obvious that Nageli goes too fiir in this respect, although it 
may be conceded that innate individual difierences in plants are 
much more difficult to distinguish from those which are acquired, 
than in animals. 

There is no doubt about the occurrence of innate and hereditary 
individual (iharacters in animals, and we may find an especially 
interesting illustration in the case of man. The human eye can 
with practice appreciate the most minute difierences between indi- 
vidual men, and es})ccially diUcrences of feature, livery one knows 
that peculiarities of feature persist in certain families through a 
long scries of generations. 1 need hardly remind the reader of the 
broad forehead of the Julii, the projecting chin of the Ilapshurgs, 
or the curved nose of the Bourbons. Hence every one can see that 
heredita ry individual characters do unquestionably exist in man. The 
same conclusion may be affirmed with equal certainty for all our 
domestic animals, and 1 do not see any reason why there should 
be any doubt about its ap])lication to other animals and to plants. 

But now the question arises, — How can we explain the presence 
of such characters consistently with a belief in the continuity of the 
germ-jdasm, a theory which implies the rejection of the supposition 
that acquired characters can become hereditary? How can the 
individuals of any species come to })Ossess various characters 
which are undoubtedly hereditary, if all changes which arc due ,to 
the influence of external conditions are transient and disappear 
with the individual in w hich they arose ? Why is it that in- 
dividuals are distinguished by innate characters, as well as by those 
which 1 have previously called transient, and how can deep-seated 
hereditary characters arise at all, if they are not produced by the 
external influences to w^hich the individual is exposed ? 
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In the first place it may be argued that external influences may 
not only act on the mature individual, or during its development, 
but that they may also act at a still earlier ])eriod u])on the germ- 
cell from which it arises. It may be imagined that such influences 
of different kinds might produce corresponding minute alterations 
in the molecular structure of the germ-])lasm, and as the latter is, 
according to our supposition, transmitted from one genoraticm to 
another, it follows that such changes would bo hereditary. 

W^ithout altogether denying that such influences may directly 
modify the germ-cells, I nevertheless believe that they have no 
share in the })roduction of hereditary individual cluiraefers. 

The gcrm-])lasm or idioplasm of the germ-cell (if this latter term 
be preferred) certainly possesses an exceedingly comjdc^x minute 
structure, but it is nevertheless a substance of extreme stalnlity, for it 
absorljs nourishment and grows enormously without the least change 
in its complex molecular structure. With Niigeli we may indeed 
safely aflirm so much, although we are unable to ac(juire any direct 
knowledge as to the constitution of germ-plasm. When we know 
that many species have persisted unchanged for thousands of years, 
we have before us the proof that their germ-])lasm has [ux^senwed 
exactly the same molecular structure during the whole ])eriod. I 
may remind the reader that many of the embalmed l)odies of the 
sacred Egyptian animals must be foiu- thousand years old, and that 
the species are identical with those now existing in the same 
locality. Now, since tli(» (piantity of germ-])lasm contained in a 
single germ-cell must be very minute, and sinc(^ only a very small 
fraction can remain unchanged when the germ-cell devcdopcs into 
an organism, it follows that an enormous growth of this small 
fraction must take place in every individual, for it must he re- 
membered that each individual produces thousands of germ-cells. 
It is therefore not too much to say that, during a ])eriod of four 
thousand years, the gi’owth of the germ-plasm in the J^gy])tian ibis 
or crocodile must have been quite stu])cndous. Eut in the animals 
and plants which inhabit the Alps and the far north, we have 
instances of species which have remained unchanged for a much 
longer period, viz. for the time which has claj)sed between the close 
of the glacial epoch and the present day. In such organisms the 
growth of the germ-plasm must therefore have been still greater. 

If nevertheless the molecular structure of the germ-plasm has 
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remained precisely the same, this substance cannot he readily 
modifiable, and there is very little chance of the smallest changes 
being* produced in its molecular structure, by the operation of those 
minute transient variations in nutrition to which the g*erm-cells, 
tog^ether with every other part of the organism, are exposed. The 
rate of growth of the germ-plasm will certainly vary, but its struc- 
ture is unlikely to be alfectcd for the above-mentioned reasons, and 
also because the influences are mostly changeable, and occur some- 
times in one and sometimes in another direction. ^ 

Hereditary individual differences must therefore be derived from 
some other source. 

I believe that such a source is to be looked for in the form 
of reproduction by which the great majority of existing* org*anisins 
are ])ro])agated : viz. in sexual, or, as Iliickcl calls it, amphigonic 
rcj)roduction. 

It is well known that this process consists in the coalescence of 
two distinct germ-cells, or perhaps only of their nuclei. These 
germ -cells contain the germ-subskance, the germ -plasm, and this 
again, owing in its specific molecular structure, is the bearer of the 
hereditary tendencies of the org*anisrn from which the germ-cell 
has been derived. Thus in amphigonic reproduction two groups 
of hereditary tendencies are as it were combined. I regard this 
combination as the cause of hereditary individual characters, and 
I believe that the production of such characters is the true sig- 
nificance of amphigonic reproduction. The object of this process is 
to create those individual differences which form the material out of 
which natural selection produces new sjiecies. 

At first sight this conclusion appears to be very startling and 
almost incredible, because we arc on the contrary inclined to believe 
that the continued combination of existing diflcrcnccs, which is 
implied by the very existence of amphigonic reproduciton, cannot 
lead to their intensification, but rather to their diminution and 
gradual obliteration. Indeed the opinion has already been ex- 
pressed that deviations from the specific type arc rapidly destroyed 
by the operation of sexual reproduction. Such an opinion may be 
true with regard to sjiceific characters, because the deviations from 
a specific type occur in such rare cases that they cannot hold their 
ground against the large number of normal individuals. But the 
case is different with those minute differences which arc characteristic 
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of individuals, because every individual possesses them, althou^li 
of a diflerenl. kind and de«*reo. Tiie exiineiion of sucli dif- 
ferences could only lake jdacc if a few individuals constituted a 
whole species ; but the number of individuals whi(?h toi^’cther 
represent a species is not only veiy lar^T but i^nmerally incalculable. 
Cross-breeding between all individuals is impossilde, and hence the 
obliteration of individual dilfercnecs is also impossible. 

In order to explain the effects of sexual reproduction, we will 
first *0! all consider what hapj)ens in monogonic or unis(‘xual re- 
production, which actually occurs in parthenogenetic organisms. 
Let us imagine an individual producing germ-c(dls, each of which 
may by itself devclope into a new individual. If we then suppose 
a species to be made u]) of individuals which are absolutely identical, 
it follows that their descendants must also remain identical through 
any number of generations, if we neglect the transient non- 
transmissildo ])C(mliarities caused by dillerenees of food and other 
external conditions. 

Although the individuals of such a species might bo actually 
di(Ierent<, they would be potentially identical : in the mature state 
they might diller, but they must have becui identical in origin, 
'^riie germs of all of them must contain exactly the same hereditary 
tendencies, and if it wercj ])ossiblc for their dcvelo])mont to take 
place under exactly the same conditions, identical individuals would 
be produced. 

Let us now assume that the individuals of such a s])ecies, rc])ro- 
ducing’ itself by the monogonic process and thendbre witphout cross- 
breeding, differ; not only in transient but also in hereditary cha- 
racters. If this were the case, each individual would ]m)duce 
descendants possessing the same hereditary dilfc'rences which were 
characteristic of itself; and thus from each individual a series of 
generations would emanate, the single individuals of which 
would be potentially identical with each otlier and with their 
first ancestor. Hence the same individual differonc(‘s would be 
repeated again and ag^ain, in each succeeding generation, and 
even if all the descendants lived to reproduce themselves, there 
would be at last just as many ga-oups of jiotentially identical 
individuals as there were single individuals at the beginning. 

Similar cases actually occur in many s[)ecies in which sexual 
reproduction has been entirely replaced by the parthenogenetic 

T 
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method, as in many s])ecies of and in certain lower Crustacea. 

But all these dider liv)in our hypothetical case in one important 
respect ; it is always impossible for all the descendants to reach 
maturity and re])roduce thcmsi‘lves. The vast majority of the 
descendants generally perish at an early stai^’e, and only about as 
many remain to continue the species as reached maturity in the 
preceding' generation. 

We have now to consider whether such a species can be subject 
to the o])eration of nat ural s(‘lection. Let us take the case bf an 
insect li\dng among green leaves, and possessing a green colour as 
a protection against discovcTv by its enejuies. We will assume that 
the hereditary individual dillerenccs consist of various shades of 
green. Let us further suppose that the sudden extinction of its 
J'ood-])lant coitipelled this species to seek another plant with a 
somewhat dillerent shade of green. It is clear that such an insect 
would not be conij)letely adaj)ted to the new environment. It 
Avould therefore be com])ell(‘d, metaphoricjilly sj)caking, to en- 
deavour to bring its colour into closer harmony with that of the 
new food-plant, or else the increased chances of detection given to 
its enemies would lead to its slow but certain cxlinction. 

It is obvious that such a species would be altogether unable to 
produce the re([uired adaptation, for c.r Iifpolf/csl^ its liercditary 
variations remain the same, one generation after another. If 
therefore the recpiired shade of green was not previously present, 
as one of the original individual dillerenccs, it could not be pro- 
duced at any time. If, however, we su])j)ose that such a colour 
existed previously in certain individuals, it follows that those with 
other shades of green would be gradually exterminated, while 
the former would alone survive. But this process would not be 
an adaptation in the sense used in the theory of natural selection. 
It would indeed be a process of selection, but it could form no 
more than the beginning of that ])roccss which we call natural 
selection. If the latter could only bring existing charactoi’s into 
prominence, it w'ould not be Avorth much consideration, for it could 
never produce a new species. A species never includes, from the 
beginning, individuals which deviate from the speeifio type as 
widely as the individuals of the most nearly allied species 
deviate from it. And it would be still less possible to explain, 
on such a principle, the origin of the whole organic world ; for, if 
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SO, all existing species would have heen included as variations of 
the hrst species. Natural selection must he al)le to do infinitely 
more than this, if it is to he of any im])ortanee as a ])rincip]e of 
development. It must he able to accumulate minute cxisi.ino’ dif- 
ferences in the required direction, and thus to create new characters. 
In our example it oui^dit to be able, alter preserving* those in- 
dividuals with a colour nearest to the required shade, to lead their 
descendants onward throui^h successive stai>*es towards a complete 
harmony of colour. 

But such a result is quite unattainahle with the asexual method 
of reproduction : in other words, natural selection, in the true 
meaning* of the term, viz. a process which could produce new 
characters in the manner aliove described, is an impossibility in a 
species propagated by asexual reproduction. 

If it could he shown that a purely ])arthenogenctie species had 
become transformed into a new one, such an observation would 
prove; the existence of some force of iransformation other than 
selective processes, for the new species could not have been pro- 
duced by these latter. As already explained, the only selection 
which would be possible for siudi a s])eci(;s, would lead to the 
survival of one group of individuals and to the extinction of all 
others. Thus in our example that grou]> of individuals would 
alone survive, the ancestors of whhdi originally possessed the 
appropriate colour. But if one group alone survived, it follows 
that all hereditary individual dillerenccs would have disa])peared 
from the species, for the m embers of such a single group are 
identical with one another and with their original ancestors. We 
thus reach the conclusion that monogonic re])roduction can never 
cause hereditary individual variability, but that, on the other hand, 
it is very likely to lead to its entire suppression. 

But the case is very difierent with sexual rej)roduction. AVhen 
once individual differences have begun to appear in a species 
j)ag/itcd by this j)roccss, uniformity among its individuals can 
never again be reached. So far from this ]»eing the case, the 
dilferences must even be increased in the course of generations, not 
indeed in intensity, but in number, for new combinations of the 
individual characters will continually arise. 

Again, assuming the existence of a number of individuals which 
differ from one another by a h;w hereditary individual characters, 
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it follows that no individual of the second generation can he iden- 
tical witli any other. Tliey must all differ, not only actually hut 
also potentially, for their differences exist at the very beginning of 
development, and do not solely depend upon the accidental conditions 
under which they live. INToreover, no one of the descendants can 
be identical with any of the ancestors, for each of the former unites 
within itself the hereditary tendencies of two parents, and its 
organism is therefore, as it were, a compromise between two de- 
velopmental tendencies. Similarly in the third generation, ^ the 
hereditary tendencies of two individuals of the second generation 
enter into combination. Eut since the germ-plasm of the latter 
is not simple^ but composed of two indiv idually distinct kinds of 
germ-plasm, it follows that an individual of the third generation 
is a compromise between four different hereditary tendencies. In 
the fourth generation, eight; in the fifth, sixteen; in the sixth, 
thirty-two diflerent hereditary tendencies must come together, and 
each of them will make itself more or less felt in some part of the 
future organism. Thus by the sixth generation a large number of 
vjiried combinations oi‘ ancestral individual characters will appear, 
combinations which have never existed bcfoi’c and which can never 
exist again. 

We do not know the number of generations over which the 
specific hereditary tendencies of the first generation can make 
themselves felt. Many finds seem to indicate however that the 
nurnher is large, and it is at all event.s greater than six. When 
we rememher that, in the tenth generation, a single germ contains 
T024 different germ-plasms, with their inherent hereditary ten- 
dencies, it is (juite clear that continued sexual re])roduction can 
never lead to the re-app(^arancc of exactly the same combination, 
but that new ones must always arise. 

New combinations are all the more probable because the different 
idioplasms composing tlie germ-})lasm in the germ-cells of any 
individual arc present in diflerent degrees of intensity at diflerent 
times of its life ; in other words, the intensity of the component 
idioplasms is a function of time. This conclusion follows from the 
fact that children of the same parents are never exactly identical. 
In one cliild the characters of the fatlicr may 2>i'cdominate, in 
another those of the mother, in another again those of either 
grand-i)arcnt or great-grand-parent. 
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We arc thus led to the conclusion that even in a few sexually 
produced g’cnerations a lar^e number of w(‘ll-uinrlvcd individuals 
must arise : and this would even be true of g*(‘uerations sprin^in^ 
from our hypothetical species, assumed to be without ancestors, and 
characterised by few individual dilferenees. But of course or«*an- 
isms which reproduce themselves sexually are never without 
ancestors, and if those latter were also propai^-ated by the sexual 
method, it follows that each o-eneration of every sexual sj)ecies is 
in file stag'C which we have previously assumed for the tenth 
or some much later q-en oration of the hyjiotlietical species. In 
other words, each individual (contains a maximum of hereditary 
tendencies and an infinite variety of possible individual characters 
(sec Appendix p. 326 ). 

In this manner we can exjilain the origin of hereditary in- 
dividual variability as it is known in man and the hiolicr animals, 
and as it is reijiiired for the theory which explains the transformation 
of sjiecdcs l)y means of naiural selciition. 

Before proceeding further, 1 must attempt to answer a question 
which obviously suggests itself. For the sake of argument, I 
have assumed the existimce of a first generation, of w'hich the 
individuals were already characterised by individual dilferenees. 
Can we (ind any explanation of these latter^ or are we compelled 
to take them for grant(Hi, without any attemjit to enquire into their 
origin ? If we abandon this enquiry, we can never achieve a com- 
plete solution ol‘ the jiroblcms of heredily and vaiiability. Wc 
have, it is true, shown that hereditary diifercnces, when they have 
once ajipcared, would, through sexual reproduction, undergo de- 
velopment into the diverse forms whicli actually exist; but this 
conclusion a Herds us no explanation of the source whence such 
differences have been derived. If the external conditions acting 
directly upon an organism can only produce transient (viz. non- 
hereditary) dilferenees in the latter, and if, on the other band, the 
external influences which act iqion the germ-cell can only produce 
a change in its molecular structure after operating over very long 
periods, it seems that we have exhausted all the possible sources 
of hereditary dilferenees without reaching any satisfactory ex- 
planation. 

I believe, however, that an explanation can be given. The origin 
of hereditary individual variability cannot indeed be found in the 
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higher organisms — the Metazoa and Metaphyta; hut it is to he 
sought for in the lowest — the unicellular organisms. In fhcse 
latter the distinction hetween hody-cell and germ-ccll does not exist. 
Such organisms are reproduced hy division, and if therefore any 
one of them hecomes changed in the course of its life hy some 
external influence, and thus receives an individual character, the 
method of reproduction ensures that the aecpiired peculiarity will 
he transmitted to its descendants. If, for instance, a Protozoon, hy 
constantly struggling against the mechanical inlliiencc of ennents 
in water, were to gain a somewhat denser and more resistent 
protoplasm, or were to acquire the pownr of adhering more strongly 
than the other individuals of its species, the peculiarity in question 
would he directly continued on into its two descendants, for the 
latter arc at first nothing more than the two halves of the former. 
It therefore follows that every modification wdiich appears in the 
course of its lilc, every individual character, however it may have 
arisen, must necessarily he directly transmitted to the two off- 
spring of a unicellular organism. 

The pianist, wdiom I have already used as an illustration, may 
hy practice developc the muscles of his fingers so as to ensure the 
highest dexterity and pow’'er ; hut such an effect would he entirely 
transient, lor it depends u])on a modification in local nutrition 
which would he unahlc to cause any change in the molecular 
st.ructure of the gcrm-cclls, and could not therefore produce any 
effect upon the oflspring. And even if we admit that some change 
might he caused in the germ-cells, the chances would he infinity 
to nothing against the production of the appropriate effect, viz. 
such a change as would lead to the development in the child of 
the acquired characters of the parent. 

In the lowest unicellular organisms, however, tlie case is en- 
tirely different. Here parent and offsjiring are still, in a certain 
sense, one and the same thing : the child is a part, and usually 
half, of the parent. If therefore the individuals of a unicellular 
species arc acted upon hy any of the various external influences, 
it is inevitable that hereditary individual differences will arise in 
them ; and as a matter of fact it is indisputahle that changes arc 
thus produced in these organisms, and that the resulting characters 
are transmitted. It has hecn directly observed that individual 
dificrences do occur in unicellular organisms, — differences in size, 
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colour, form, and the number or arrangement of cilia. It must 1)0 
admitted tliat we have not hitherto paid sutlicicnt attention to 
this point, and moreover our l)est microsco])es are only very rough 
means of observation when we come to deal with such minute 
organisms. Nevertheless we cannot doubt tliat tlie individuals 
of tlio same s])oeies are not al)solutely identical. 

We are thus driven to the conclusion that the ultimate origin of 
hereditary individual dillerences lies in the direct action of ex- 
ternfil influences u])on the oi*ganism. Hereditary variability can- 
not however arise in this way at every stage of organic develop- 
ment, as biologists have hitberto been inclined to believe. It can 
only arise in the lowest imicelhdar organisms; and when once 
individual difibrence had been attained by these, it necessarily 
passed over into the higher organisms wlum they first apy)eared. 
Sexual rejxroductiou coming into existence at fJie same time, the 
hereditary diflerenees were increased and multiplied, and arranged 
in ever-changing coml)inations. 

Sexual reinoduction can also increase the differences between 
individuals, because constant cross-breeding must necessarily and 
repeatedly lead to a (iombination of forces which tend in the 
same direction, and which may determine the constitution of any 
part of the ])ody. If, for instance, the same part of the body is 
strongly developed in both parents, the exi)erience of breeders tells 
us that the ])art in (piestion is likely to be evem more strongly 
developed in the offspring; and that weakly developed parts will 
in the same nninncr tend to become still weaker. Amphigonic 
reproduction therefore ensures that every character which is sub- 
ject to individual fluctuation must ap])ear in many individuals 
with a strengthened degree of dev(?lo])ment, in many others with 
a development which is less than normal, while in a still larger 
number of individuals the average develo])mcnt will be reached. 
Such differences afford the material by means of which natural 
selection is able to increase or weaken each character according 
to *the needs of the species. Jly the removal of the less well- 
adapted individuals, natural seh'ction increases the chance of 
beneficial cross-breeding in the subsequent gcTierations. 

Every one must admit that, if a s]K‘ci(‘S ciime into existence 
having only a small number of individual differences which 
appeared in the different parts of different individuals, the number 
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of difrororioes would increase with each sexually produced <>*cneration, 
until all the parts in which the variations occurred had received 
a j)eculiar character in all individuals. 

Moreover sexual re2)roduction not only adds to the number of 
existin^^ diHercnces, but it also brinj^*s them into new combina- 
tions, and this hdter consequence is as important as the former. 

The former consequence can hardly make itself felt in any 
existin<^ s])ecies, because in them every part already ])Osscsses its 
peculiar character in all individuals. The second conse(iuenc‘e is, 
however, more important, viz. the ])roduetion of new combina- 
tions of individual characters by sexual re])roduction ; for, as 
Darwin has already ])oint(*d out., we must ima<»ine that not only 
are sino-lo characters ehan^-ed in ibc process of breeding*, but that 
probably several, and ])erhaj)S very many characters, are simul- 
taneously modified. No two species, however nearly allied, differ 
from each other in but a sinode character, l^von our eyesight, 
which has by no means reached the hii»-hest jntch of development, 
can always detect several, and often very many points of dilierence; 
and if we possessc'd the powers necessary lor making* an absolutely 
accurate comparison, we should j)robably find that every thin»* is 
different in two nearly allied sj)eci(‘s. 

It is true that a. f>Teat number of those diflerencos depend upon 
correlation, but others must depend upon simultaneous primary 
chan«TS. 

A lar^'e butlerfly [KaUima paralecia)^ found in the J^ast Indian 
forests, has often been described in its position of rest as almost 
exactly resembling* a withered leaf; the resemblance in colour 
beiiii^ aided by the marking-s which imitate the venation of a loaf. 
These markino-s arc com])Osed of two parts, the up])er of which is 
on the fore- wind's, while tlie lower one is on the hind win^s. The 
butterfly when at rest, must therefore kecj) the w'ing*s in such a 
position that the two ])arts of each marking* ('xactly correspond, 
for otherwise the character would be Anlueless ; and as a matter of 
fact the wings are held in the a])])i*opriate ])osition, although the 
butterfly is of course unconscious of wdiat it is doing. Hence a 
mechanism must exist in the insect’s brain Avhich compels it to 
assume this attitude, and it is clear that the mechanism cannot have 
been developed before the peculiar manner of holding the wings 
became advantageous to the butterflyq viz. before the similarity 
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to a loaf had made its iirst appearance. C\)nversoly, this latter 
resemblance eonld not develope before the l)utt(M‘lly had <>*aincd the 
habit of holding its wini^s in the appr()[)rial(' position, lloth 
characters must therefore have come into existence simultaneously, 
and must have under»*onc increase side by side : the marking* 
progTossing* from an imperfect to a Very closer similarity, while 
the position of the wing*s g-radually aj)proached the attitude 
which was exactly a])proj)riate. The development of certain 
mi flute st.riuitiiral elements of the central nervous system, and the 
ap])ro2u*iate distribution of colouring* matt('r on the wings, must 
have taken place simultaiu'ously, and only those individuals have 
been selected to continue tin* s])ecies which possessed the favourable 
variations in both these directions. 

It is, however, obvious that S(‘xr.al rej)roduction will readily 
a (lord such combinations of re(juired charact(‘rs, for by its means 
the most diverse features are continiiall}^ unit('d in tlu^ same indi- 
vidual, and this seems to me to be one of its most important 
n ‘suits. 

J do not know what meaning can be attributed to sexual repro- 
duction other than the creation of hereditary individual characters 
to form the material upon which natural s(‘lection may work. 
Sexual re])roduction is so universal in all classes of multicellular 
organisms, and nature deviates so rarely from it, that it must 
necessarily be ol' pre-eminent imj)ortancc. If it be true that 
new s})ecies are ])roduced by ])rocesses of selection, it follows that 
the development of the whohi organic world deju'iids on these pro- 
cesses, and the part that amphigony has to play in nature, by 
rendering selection possible among multicellular organisms, is not 
only important, but of the very Idghest imaginable im])ortance. 

Ihit when I maintain that the meaning of sexual reproduction is 
to ix'nder possible the transformation of the higher organisms by 
means of natural sele(di<)ii, such a statement is not e(piivalent to 
the assertion that sexual re])roduction originally came into exist- 
ence in order to achieve this (‘iid. The cfiWd-s whi(*h are now pro- 
duced by sexual rei)roduction did not constitute the causes which 
,lcd to its first a])pearance. Sexual reproduction (*anu^ into existence 
before it could lead to hereditaiy individual variability.' Its first 
appearance must therefore have had some other cause ; but the 
nature of this cause can hardly be determined with any degree of 
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certainty or precision from the facts with which tvg are at present 
accpiainted. The general solution of the problem will, however, 
be found to lie in the conjugation of unicellular orci'anisms, which 
forms the precursor of true sexual reproduction. The coalescence 
of two unicellular individuals which represents the simplest and 
therefore probably the mof?t j)rimitive form of conjugation, must 
have some directly beneficial effect upon the species in which it 
occurs. 

Various assum[)tions maybe made as to the nature of tliese bene- 
ficial effects, and it will l>e useful to consider in detail some of 
those suggestions which have been brought forward. Jhninent 
biologists, such as Victor Ilensen ^ and Edouard van Jleneden 
believe that conjugation, and indeed sexual reprodiudion generally, 
must be considered as ‘ a rejuvenescence of life.’ Ihitschli also 
accepts this view, at any rate ns regards conjugation. These author- 
ities imagine that the wonderful phenomena of life, of which 
the underlying cause is still an unsolved problem, cannot be con- 
tinued indefinitely by the action of forces arising from within 
itself, that t.hc clock-work would be sto])ped after a longer or 
shorter time, that the reproduction of purely asexual organisms 
would cease, just as the life of the individual finally comes to an 
end, or as a sjnnning wheel comes to rest in consecpiencc of friction, 
and requires a renewed impetus if its motion is to continue. In 
order that reproduction may continue without interruption, these 
wriix'rs believe that a rejuvenescence of the living substance is 
nccessaiy, that the clock-work of reproduction must be Avound up 
afresh ; and they recognize such a rejuvenescence in sexual repro- 
duction and in conjugation, or in other AA ords in the fusion of two 
cells, whether in the form of germ-cells or of two unicellular 
organisms. 

kklouard van Beneden expresses this idea in the following Avords: — 
‘ II semble que la- faculte quo possMent les cellules, de se multiplier 
par division soit limitcc : il arriA^e un moment oil elles ne sont ])lus 
capablcs de se divisor ulterieurement, a moins qu’ellcs ne subissent 
Ic phenomene du rajeunissement par le fait de la fecundation. 

* S. Ilennami’s * Iljiiidbacli der Pliysiologie/ Tlicil II ; ‘ Physiologie der Zeiigimg,^ 
by V. Heiiseii. 

^ E. van Peneden, ‘ Ecchcrches sur la maturation de FfTAif, la fecondation et la 
division cellulaire.’ Gaud u. Leipzig, 18S3, pp. 404 et seq. 





IK THE THEORY OP NATURAE SELECTION. 28;5 

ft 

Chez les animanx et les plantes Ics seulcs cellules capahlcs d’etre 
rajeunics sent les oenfs ; les seules capahles do rajeunir sent les 
sperinatoeytcs. Toutes les aiitres })artie8 dc rindividii sent vouees 
a la niort. La fecondation est la condition do la eontiniiite de la 
vie. Par elle Ic ^eiicratenr cchappc a la inort ’ (1. c., p. 405), 
Victor Ifensen thinks it possible that the ^erm and its products 
are j)revented from dyin^ hy means of normal fertilization : he 
says that the law which states that every eg*^ must ho fertilized, 
waif formulated before the discovery of parthenogenesis and ca nnot 
now be maintained, but that we are nevertheless compelletl to 
assume that even the most com])letely parthenogenetic s})ceies 
requires feriilization after many generations (1. c., p. 23^). 

If the theory of rejuvenescence be thoroughly examined, it will 
bo found to be nothing more than the exjiression of the fact that 
sexual reproduction jicrsists witliout any ascertainable limit. J^’rom 
the fact of its general occurrence, the conclusion is, houevor, dra-wn 
that asexual reproduction could not ])crsist indelinii(‘ly as the 
only mode of reproduction in any species of animal. Put ju’oofs 
in support of this opinion are wanting, and it is very probable 
that it would never have been advanced if it had been possible 
to explain the general occurrence of sexual reproduction in a,ny 
other way, — if wo had been able to ascribe any other signilicance 
to this pre-eminently important process. 

But quite apart from the tact that it is impossibhi to bring 
forward any proofs, tin; theory of rejuvenescence seems to me to 
be unsatisiactory in other ways. The whole C()nce])tion of re- 
juvenescence, although very ingenious, has something uncertain 
about it, and can hardly be brought into accordance with the 
usual conception of life as based upon physical and mechanical 
forces. How can any one imagine that an Infusorian, which l)y 
continued division had lost its power of re])roduction, could regain 
this jiower by forming a new individual, after fusiorL with another 
Infusorian, which had similarly become incapable of division? 
Twice nothing cannot make one. If indeed we could assume that 
each animal contained half the power necessary for reproduc- 
tion, then both together would certainly form an efiicient whole ; 
but it is hardly possible to a2)ply the term rejuvoncsccneo to a 
process which is simjdy an addition, such as would be attained 
under other circumstances by mere growth ; neglecting, for the 
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present, tliut factor wliieli, in iny opinion, is of the utmost import- 
ance in conjuo*ation, — the fusion of two liereditary tendencies. If 
rejuvenescence possesses any si<^‘nificance at all, it must be ihis, — 
tluit by its means a force, which did not ])reviously exist in the 
conjuo*atin^ individuals, is called into activity. Such a force 
would, however, owe its existences to lai.ont eneri»*y stored up in 
each sino’le animal dui'ini** the period of ase'xual reproduction, and 
such latent forces would neeM'ssarily b(‘ of dillerent natures, and of 
such a constitution that their union at the moment of conju^avion 
would ^‘ive I’ise to the active force of reproduction. 

The process mii^id/ perha2)s be compared to the llii»*ht of two 
rockets, whi(‘ii by th(^ combustion of some explosive substance (such 
as nitro-o‘lyceiinc) stored up within themselves are impelled in 
such a. direction that they would meet at the end of their course, 
wlien all tKc nitro-i»iyc('rin(^ had been completely exhausted. The 
moveimmt would then come to an end, unless the explosive material 
could have ])een mc'anwhile renewed. Now su])pose that such a 
renewal were achieved l)y the formation of nitric acid in one of the 
rockets and i»iycerine in the other, so that when they came into 
coTitact nit.ro-^iycerine would b(i formed alresh equal in (.[uantity and 
in distribution on both the rockets to that which was originally 
present. In this way the movement would be ]*enew'ed again and 
again with the same velocity, and might (tontiiiue for ever. 

ll('juvenescence can be rendered intelligible in theory by some 
such metaj)hoi’, but considerable ditliculties are encountered in 
the rigid application of the metajdior to the lacts of the ease. 
In ibe first place, how is it ])Ossiblc that the motive force can be 
exhaust, ed by continual division, while one of its comjionents is 
being* formed afresh in the same body and during the same time ? 
When thoroughly examined the loss of t,he power of division is 
seen to follow from the loss of the ])owers of assimilation, nutrition, 
and growth. I Tow is it jwssilde t-hat such a power can be 
weakened and tinally entirely lost Avhile one of its components 
is accumulated ? 

I believe that, instead of accepting such daring assumptions, it 
is better to be satisfied with the simple conception of living 
matter 2)ossessing as atlributcs the ])Owers of unlimited assimilation 
and capacity for reproduction. With such a theory the mere form 
of reproduction, whether sexual or asexual, will have no influence 
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upon the duration of the capacity : for force and matter undoro'o 
simullaneous increase, and are inseparaldy connected in this as in 
all other instances. This theory does not, howcvc'r, exclude the 
possible occurrence of circumstances under \vhi(*li such an associa- 
tion is no longer necessary. 

I could only consent to adopt the hypothesis of rejuvenescence, if 
it were rendcj‘cd a])solutely certain that re])rodnction hy division 
could never under any circumstances persist indelinitely. Hut this 
canftot be ])roved with any greater cerlainty than tlie converse pro- 
position, and hence, as far as direct ])roof is concerned, the facts arc 
ccjually uncertain on both sides. The hypothesis of rejuvenescence 
is, however, opposed by the fact of partlienogcnosis ; for if iertilization 
possesses in any way tlic meaning of rejuvenescence, and depends 
upon the union of two d liferent forms of force and of matter, which 
thus produce tlu* ])owcr of reju’oduction, it follows thatf we cannot 
understand how it happens that the same power of reproduction 
may be sometimes produced from oiui form of matter, alone and 
unaided. Logi(*ally s])(‘al<ing, parthenogenesis should be as im- 
possible as that either nitric acid or glycerine should se])arat(dy 
produce tlie clicct of nitro-glycerine. The supposition lias indecHl 
been made that in the case of parthenogenesis, one fertilization is 
sutlicient for a whole series of generations, but this su})])osition is 
not only incapable of proof, but it is contradicted by the fact that 
certain eggs which may developeparthenogenetically are also cajiable 
of fcrtilizjition. if, in this case, the ])Ower oi'rejiroduction were suf- 
llcient for dcvelojuneiit. how is it that the egg is also cajiable of 
fertilization ; and if tlie power were insullicient, how is it that tlie 
egg can developo parthenogenetically ? And yet one and the same 
egg (in the bee) can dcvelope into a new individual, with or with- 
out fertilization. We cannot escajie this dilemma by making 
the further a,ssum])tion, which is also inca])able of jiroof, that a 
smaller amount of reproductive force is n'quired for the (h'velopmcnt 
of a male individual than for the develojunent of a female. It is 
true that the unfertilized eggs of the bee jirodiufc male individuals, 
while the fertilized ones develope into females, but in certain other 
species the converse association holds good, while in others, again, 
fertilization bears no relation to the sex of the ofrsj)ring. 

Although the mere fact that parthenogenesis oc^curs at all is, in 
my opinion, sutficicnt to disprove the theory of rejuvenescence, it is 



286 


THE SIGNIFICANCE OP SEXUAL REPRODUCTION 


well to remember that parthenofj^eiiesis is now the only method of 
reproduction in many sj)ecics (althoii^'h we do not know the period 
of time over which these conditions have extended), and is neverthe- 
less unattended by any perceptible decrease in fertility. 

From all tliese considerations w(i may draw the conclusion that 
the process of rtyuvenescence, as descrilx'd al)Ove, cannot be accepted 
either as the existing- or the original nieanin*^ of conj notation, and 
the ({uestion naturally arises as to what other siii^nificance this 
latter process can have possessed at its first be, ‘ginning*. 

llol})h^ has ex])resse(l the ojdnion that conjugation is a form of 
nutrition, so tliatthe two conjugating individuals, as it were, devour 
each other. Cienkowsky^ also regards conjugation as merely 
accelerated ’ assimilation. There is, however, not only an essential 
difference but a direct contrast between the ])rocesses of conjugation 
and nutrition. With regard to Cienkowsky’s view, llensen*^ has 
well said that ‘coalescence in itself cannot be an accelerated nutrition, 
because even if we admit that both individuals are in want of 
nourishment, it is im])ossible that the need can be supplied by this 
process, unless one of them perishes and is really devoured.’ In 
order that an animal may serv^e as the food of another, it must 
perish and must be brought into a fluid form, and finally it must he 
assimilated. In the case before us, however, two protoplasmic 
bodies are placed side by side and coalesce, without either of them 
passing into the liquid state. Two idiojdasms unite, together with 
all the hereditary tendencies contained in them ; but although it is 
certain that, nutrition in the pro[)er sense of the word cannot take 
place, because neither of the animals receives an addition of liquid 
food by the coalescence, yet the consequence of this })rocess must 
be in one respect similar to that of nutrition and growth : — the 
mass of the l)0(ly and the quantity of the forces contained in it 
undergo simultaneous increase. It is not inconceivable that effects 
are by this means rendered jiossible, which under the peculiar 
circumstances leading to conjugation, could not have been otherwise 
produc(Hl. 

I believe that this is at any rate the direction in which we shall 
have to seek for the first meaning of conjugation and for its 

^ llolph, ‘ Biologische Probleme.’ Leipzig, 1882. 

^ Cieukowbky, ‘Arch. f. inikr. Anat.,’ ix. p. 47. 1873. 

^ Hensen, ‘ PLysiologie tier Zcugiing,’ p. 139. 
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pliyletic origin. Tins first result ami meaning of conjugation may 
be provisionally expressed in the following ibrmiila : — conjugation 
originally signilied a strengthening of the organism in relation to 
reproduction, which hapjiened when from some external cause, such 
as want of oxygen, warmth, or food, the growth of the individual 
to the extent necessary for reproduction could not take place. 

This explanation must not he regarded as ei[uivalent to that 
atforded by the theory of rejuvenescence ; for the latter ])rocess is said 
to f)e necessary for the continuance of reproduction, and ought 
therefore to ociair pciiodically quite indc])endently of external cir- 
cumstances ; while according to iny theory^ conjugation at first 
only occurred under unfavourable conditions, and assisted the species 
to overcome such diflicultics. 

Eut whatever the original meaning of conjugation may have 
been, it seems to have l)ecome already subordinaf<ed in the higher 
Protozoa, as is indicated by the changes in the course taken by 
this process. The higher Protozoa when conjugating do not as a 
rule coalesce coiiqdctely and permanently^ in the manner followed 
by the lower Protozoa, and it seems to me ])ossible, or even probable, 
that in the former the process has already gained the lull significance 
of sexual reproduction, and is to be looked upon as a source of 
variability. 

Whether this be so or not, 1 believe it is (pertain that sexual re- 
production could not have been entirely abandoned at any ])oriod 
since the time when the Metazoa and Mi^taphyta first arose ; for they 
derived this form of reproduction from their uni(tellular ancestors. 

We know that organs and characters which have persisted 
through a long series of generations are transmitted with extreme 
tenacity, even when they have ceased to be of any direct use to 
their immediate 2 )ossessors. The rudimentary organs in Aarious 
animals, and not least in man, afford very strong ])ro() Is of the sound- 
ness of this conclusion. Another cxam])le has only r(‘cently been 
discovered in the sixth finger, which has been shown to exist in the 
human embryo a part Avhich has only been present in a. rudimentary 

^ Coalescence takes place in the so-called bud-like conjugation of rorlicellidae and 
TricJiodinidae, etc. 

^ Compare (i) Bardeleben, ‘ Zur Eiitwicklnng der bkis.swur/el,’ Sitzungnber. d. Jen. 
Gesellschaft, Jalirg. 18S5, Feb. 6; also ‘Verhandl. d. Naturforselierversammlung 
zn Htrassburg,’ 1885, p. 203 ; (2) G. Baur, ‘Znr ^lorpliologie dcs Carpus und Tarsus 
der Wirbeltliiere,’ Zool. Auzeiger, 1S85, pp. 326, .jHO. 
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form ever sinoc tlie origin of the Amphibia Superfluous organs 
become rudimentary very slowly, and enormous periods must elapse 
])erore tlicy completely disaj)])ear, while the older a character is^ 
the more firmly it becomes rooted in the organism. What I have 
above called the physical constitution of a s])ecies is based upon 
these facts, and u])on them de])eiul the (on!' of inherited 

characters, which are adapted to one another and woven togcddier 
into a luirmonious whole. It is this specific nature of an organism 
which causes it to res})ond to external influences in a, manner dificient 
from that follow<?d by any other organism, which prevents it from 
changing in any way except along certain definite lines of varia- 
tion, although these may be very numerous. Furthermore these 
facts ensure that characters cannot be taken at random from the 
constitution of a sj)eci(‘s and others substituted for Unnu. Such a 
variation as a mammal wanting the firm axis of the backbone is an 
impossibility, not only because the backbone is necessary as a support 
to the body, but chicdly because this structure has been inherited 
from times immemorial, and has become so impressed upon the 
mammalian organization that any variation so great as to threaten 
its very existence cannot now take ])lac(‘. The vi(‘W here set forth 
of the origin o(‘ hereditary variability by amphigonic reproduction, 
makes it clear that an organism is in a stale of (‘ontinual oscillation 
only upon the surfac(‘, so to speak, while tluj fundamental parts of 
its constitution, which have been inherited from extremely remote 
])eriods, remain unalhMded. 

Thus sexual reproduction itself did not cease after it had existed 
in the form of conjugation through innumerabh' generations of the 
vast numlxu’s of species which have Ix’cn includ(‘d under the Protozoa; 
it did not cease even when its original physiological significance 
had lost its imporfance, cither comj)!ctely or in ])art. Tliis process, 
however, had come to ])ossess a ik'W significance which ensured its 
continuance, in the enormous advantage conferred on a species by 
the power of adapting itself to new conditions of life, a ])owcr which 
could only be jnvserved by means of this method of reproduction. 
The formation of new s2)ecies which among the lower Protozoa 
could be achieved without am])higon3% could only be attained by 
means of this process in the Metazoa and Metaphyta. It was only 

^ Jn fro^o's the sixth tee exists in the hind lc^^s as a rudimentary prehallux. Com- 
pare Jlorii, IMorpholoi^, .Jahrbueh, lid. 1, iS^6. 
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in this way that horoditary individual din'eroucos could arise and 
persist. It was im])Ossil)le for ain])hi<iouy 1o disa])])car, for cacli 
s[)ecics in wliich it was preserved was neeessaiily superior to tliose 
which liad lost it, and must have replaced tluau in tlie course of 
time; for the former alone could ada]>t ii.self lo the ('viT-c'liano-in^’ 
conditions of life, and the lon<>‘er sexual reprodiu'tio!! endured, the 
more firmly was it necessarily ini])ressed u])oii ilu' (‘onslitution of 
the speciies, and the more dillieult its disa])])(‘a ranee became. 

Sexual re])ro(luction has iievcu’thelcss btun lost, in some eases, 
although only at first in certain o*e no rations. I'liiis in the Aphalae 
and in many lower Crustacea, ^vnerat ions witli jjartheno^anet ic re- 
production alternat e will) others which reproduce t.hemselves by the 
sexual nu't.hod. llut in most cases it- is clear (bat t.his ])artial loss 
of amphi^'ony conlerred considerable advantai»*es uj)on t.he specie's by 
^dvinfi’ increased capabilities for the maintenance ol' ('xistence. By 
means of partial ]tartih('no<»‘en(‘sis a much more ra|)id incre'ase in f.he 
number of individuals could be at.taiiu'd in a. o'iven tirin', and this 
fact is of the liio'hcst importance for the pe'culiar cinMimstances 
under which these' sjiex'ies exist. A s])ecie‘S ot' (husfae*e'an which 
inhabits ra])idly dryini** jiools, anel eleve'lopcs from winter-e'^’L^s whiedi 
liave remained dried up in the mud, has, as a rule, only a very 
short, linn* in which to se'ciii-e' the existence' of succe'celino- o-en era- 
lions. The few sc'xiial which have' e'S(*a])e‘el t.he attacks of 

numerous enemies deve'lopc imme'diate'ly afte'i’ the first showe'r of 
rain ; the animals attain their full size^ in a lew elays and re'jn-oeluce' 
themselve's as virgin lemalcs. ^Thedr descendants are |)ro|)a^nfced in 
the same manner, and thus in a shoid. time almost incredible num- 
bers of inelivieluals are formeel, unt.il finally the' sexual e'Q*n-s are 
again jiroduced. If now the pool dries ii]) again, the cxiste'iice of 
the colony is secured, for the number ol' animals which jiroduce 
sexual eggs is very large, and the eggs themse'lve's are of courses 
far more numerous, so that in s])iLe of the destruedivc agencies to 
which they are subjected, there will be every chance of the survival 
of a suflicient numla'r to produce a new gem ration at a later 
period. Here, therefore, sexual reproduction has not been abandoned 
accidentally or from any internal cause, but. as an adaptation to 
certain deliiiib' necessities imposed u])on the organism by its 
surroundings. 

It is, however, w('ll known that t.hen' are certain instances in 

u 
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which sexual roprodiictiori has been altogether lost, and in which 
parthenogenesis is the only form of proj)agation. In the animal 
kingdom, such a condition chicHy occurs in species of which the 
clos(dy-allied forms exhibit the abov^e-mentioned alternation between 
parthenogenesis and ainpliigony, viz. in many Cjiuipiflac and Aphulae^ 
and also in certain freshwater and mariru^ Crustacea. We may 
imagine that these parthenogenetic species have arisen from forms 
with alternatirig metliods of ro]>roduction, by the disappearance of 
the sexual ])hase. 

In any })articular case, it may be difficult to point out the motive 
by which this change has been d(‘termined ; but il. is most })robable 
that the same conditions which originally caused the intercalation 
of a parthenogenetic stage have been efficient in causing the 
gradual disaj)j)earan(;e of the sexual stage. If a species ol‘ Crust- 
acean, with the above-d(‘scribed alternating method of reproduction 
(heterogeny), were killed off by its enemies on a larger scale than 
before, it is ol)vious that the threatened extinction of the si)ecies 
could be checked by the attainment of a cornispondingly greater 
degree of fertility. Such increased fertility might well be produced 
by [)ure ])arthonogenesis (sec Appendix V, p. 323), ly means of 
which the number of egg-producing individuals in all the previous 
sexual generations would be doubled. 

In a Certain sense, this wo\dd be the last and most extreme 
method by means of which a species might secui-c continued 
existence, for it is a method for which it would have to ])ay 
very dearly at a. later period. If my theory as to th(‘ causes of 
hereditary individual variability be correct, it follows that all species 
with purely partlumogeneth! reproduction are sure to die out; not, 
indec'd, because of any lailure in meeting tlu' existing conditions 
of life, but because they are incapable of transforming themselves 
into new species, or, in lact, of adapting themselves to any new 
conditions. Such s])eci(‘s can no longer be subject to tluj ju’ocess 
of natural selection, because, with the disap})eara,nee of sexual re- 
jnoduction, they have also lost the power of combining and in- 
creasing those hereditary individual characters which they possess. 

All the facts with which we are accpiainted confirm this con- 
clusion, for whole groujis of purely parthenogenetic s])ecies or 
genera arc never met with, as would certainly be the case if 
parthenogenesis had been the only method of reproduction through 



JN THE TIIEOllY OE NATUKAL SKLECTION. 


m 


a siiccessional series of species. We always find it in isolated 
instances, and under coudit.ions wliieli eonn)el the conclusion that 
it has become ])rcdominant in the s])eeies in (piestion, and has not 
been transmitted from any preceding- s[)ecies. 

There still rcmiains a very different class of facts whicli, so far as 
we can jud<»*e, arc in accordance with my theory as to the si^mi- 
ficance of sexual rej)roduction, and which may lie (pmt.i'd in its 
support. 1 refer to tlic condition of funci ionless ori«*ans in specit's 
wdtlf partlu'iioi^-enctic rc])roduction. 

Und(;r the sujijiosition that accpiired cliaract('rs cannot be trans- 
inittcd — and this forms the Ibundation of* the views here set forth 
— organs which are of no furtlier use cannot become rudimentary 
in the din'ct and simjile manner in which it has bcuui hitherto 
iina<>‘ined that deo‘(‘n(‘ration talv(‘S ])lace. It is true that an oro*an 
which does not jierlbrm any function t'xhibits a marked decrease of 
stren^'th and per lection in the individual which poss(*sses it, but 
such ac(piired d(\i»Ta(lation is not transmlth'd to its descendants, 
and w'c must thcrefon^ look for some otluu* ex])lanation o(* the 
firmly established fact that or<;*ans do b(*com<^ rudimenfiary throui^h 
a series of |L»‘en(‘rations. In seekin<>* this (‘xplanation, we shall have 
to start from the supposition that new (onus are not only enjated 
by natural selection, but are also prescrv(‘d by its rjieans. In 
order tie.it any part of the body of an individual ol'any s])e(aes may 
be k(*pt at the maximum dci»-ree of develo])ment, it is necessary 
that all individuals possessing- it in a. less perfect form must bo 
prcvent(xl from jirojia^-atioii — f-lu-y must succimdj in the strugi>*le 
for existen(;c. I will illustrate this by a s])ecial instance. In 
species wdiich, like the birds of prey depend for food upon the 
acuteness of their vision, all individuals wdth relatively w('ak eye- 
sig-htmust be exterminated, because they will fail in the comjietition 
for food. Such birds will perish before they ha vt^ reproduced them- 
selves, and their im])crfcct vision is not further transmitted. In 
this way the keen (‘yesi<:»ht of birds of ])r(jy is kept uj) to its 
maximum. 

But as soon as an origan becomes useless, the continued selection 
of individuals in which it is best dcvelo])cd must c(‘asc, and 
a process Avhich I have termed paum 'a'ia tak(‘s ])lace. When this 

^ I here iiiako use of tlio same illustratiou wKieli T tnuployetl in my first attem])t 
to explain the etitets of Compare the second Ksuay ‘ On Heredity.’ 
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process is in operation, not only those individuals with the best- 
developed organs have the chance of reproducing themselves, but 
also those individuals in which the organs are less well -developed. 
Hence follows a mixture of all possible degrees of perfection, 
which must in the course of time result in the deterioration of the 
average develo])mcnt of the organ. Thus a species which has retired 
into dark caverns must necessarily come to gradually ])Ossess less 
developed powers of vision ; for d(‘fcci.s in the structure of the 
eyes, which occur in conse([uciice of individual variability, are not 
eliminated by natural selection, l)ut may be transmitted and fixed 
in the desccjidanlsb ^Fliis result is all the more likely io happen, 
inasmuch as oilier organs which arc of importance for the life 
of the sj)ecies will gain what the functionless org^an loses in size 
and nutrition. As at ('acli stag*e of nd-rogressive transformation 
individual fluctuations always occur, a continued decline from the 
original (h'gree of dcv(do])ment will inevitably, although very 
slowly, fake place, until the last remnant linally disa])pears. How 
inconc(‘ivably slowly this process goes on is shown by the numerous 
eas('s of rudimenfary organs: by the above-mentioned embryonic 
sixth finger of man, or by the hind limbs of whales buried beneath 
f,he surface of the body, or liy their embryonic tooth-germs. 
I believe that the very slowness with which fund ionless organs 
gradually dis-appear, agrees much lietfer with my theory than with 
the one which has been hitherto lield. The result of the disuse of 
an organ is considcrab'h', ev(*n in the course of a single individual 
life, and if only a small fraction of such a result AV'ere trans- 
mitted to file descendants, the organ would bo necessarily reduced 
to a minimum, in a hundred or at any rate in a thousand genera- 
tions. Jhit how many millions of generations may have elapsed 
since e. g. the teeth of the whalebone whales became useless, and 
were replaced by whalebone ! We do not know the actual number 
of years, but we know that the w^hole material of the tertiary rocks 
has been derived from the older strata, deposited in the sea, elevated, 

[’ E. l^ay Lankester has su«;s;ested (^Enoycl. JBritanii., art. ‘ Zoology,’ pp. 818,819) 
that the blindness of cave-dwelling and deep-sea animals is also due to the fact that 
‘ ihoso individuals with perfect eyes would follow the glimmer of light and eventually 
escape to the outer air or the shallower depths, leaving behind those with imperfect 
eyes to breed in the dark place. A natural selection would thus be effected.’ Such 
a sifting process would certainly greatly quicken the rate of degeneration due to pan- 
mixia alone.— E. B. P.] 
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and has been itself largely removed by denudation, since that 
time. 

Now if this theory as to the causes of deterioration in disused 
organs he correct, it follows that rudimentary organs can only 
occur in species with sexual reproduction, and that they cannot be 
formed in species which are exclusively re])roduced by the partheno- 
genetic method ; for, according to my theory, variability depends 
upon sexual reproduction, while the deterioration of an organ when 
disused, no less than its improvement when in use, depends upon 
variability. There are therefore two reasons which lead us to 
expect that organs which are no longer used will remain un- 
reduced in species with asexual reiu’oduetioii : first, because only 
a very slight degree of hereditary varial)ility can be present, viz. 
such a degree as was transmitted from the lime when sexual 
ro})roductioii was first abandoned by the ancestors ; and, secondly, 
because even these slight degrees of varial)ility are not combined, 
or, in other words, because panmixia ca.nnot occur. 

And the facts seem to ])oint in the direction rtHpiired by the 
theory, for su])erfluous organs do not' l)econ'ie rudimentary in 
parthonogcnetic species. For example, as far as my experience 
goes, the recqitaculunh sewiiiifi does not deteriorate, although it is, 
of course, altogether functionless when parthenogenesis has become 
established. I do not attach much imjjortancc to the fact that the 
Psychids and Solenobias — (genera of Le])idoptera which Siebold 
and Leuckart have shown to include species with paithenogcnetic 
reproduction) — still retain the complete female sexual apparatus, 
because colonies containing males still occasionally occur in these 
species. Although the majority of colonies are now ])urely female, 
the occasional appearance of males points to the fact that the uni- 
sexuality of the majority cannot have been of very long duration. 
The process of transformation of the species from a bisexual into 
a unisexual form, only composed of females, is obviously in- 
complete, and is still in process of development. The case is 
similar with several species of Cpiijndae, which reproduce by the 
parthenogenetic method. In these cases the occurrence of a very 
small proportion of males is the general rule, and is not confined to 
single colonies. Thus Adler ^ counted 7 males and 664 females in 
the common (hpups of the rose. 

' Adler, ‘ Zeitschril't f. wiss. Zool.,’ Bd. XXXV, 1S81. 



Tin*: significance of sfxfal kei*iioductk)n 

Tn Fomo Ostracodos, on tlio otiior hand, the males appear to be 
entirely Avanlin^*: at least, T have fried in vain for years to 
discover them in any locality or at any time of the yearh 

Cf/pr/s' rifhta and Cypna roptan^ are such s])ecies. Now, although 
the transformation of tlu^se formerly hisc'xnal s])ccies into purely 
unis(‘xual female species appears to he com])lete^, yet the females 
still })0ssess a larq-e, ])ear-shaped reroplarvhni) wyy/2;//.v, with its 
long* sj)i rally t wisted duct, wliich is surrounded hy a thick i^dandular 
lay(‘r. d'his is the more remarkahle as the a])paratus is very 
eomplicat<(*d in the Ostracodes, and retroo-ressive ehang*es could be 
th(‘r(‘lor(^ (‘asily defected. FurtluTiuore amono’ insects, in the g’enus 
(jherhtcH th(^ rn'^pfarnlnni of tJie females has also remained 

unr(‘due(‘d, although the males a])])(‘ar io be entirely wanting, or 
at l(‘ast hav(^ never lieen found, in s])ite of the united efforts of 
sev(*ral acute observei’s-^ ^fhe case is (juite different in species which 
rciain both sexual and ])arthenogenetic rejU’oduction. Thus, the 
Slimmer females of the Ajihhhiv have lost the rerrjjfacu/uin mninis\ 
and in these inse(ds sexual re])roduction has not ceased, but alter- 
nafes r(‘gularly with ])arthenogenetic reproduction. 

Certainly tJiis proof of f he truth of my t.heorv as to the signi- 
fi(*anco of si'xual reproduction is lar from settling the (question : it 
oidy ri'iiders f/lu' f.lieory highly jaobablc. At ])resent it is im- 
jiossible to do more than this, because we do not yet ])Ossess 
a suflieieidi number of facts, for many of them could not have been 
sought, for until afti'i* th(‘ tiu'ory had bei'u suggested. AV(‘ are here 
conci'rned with complicated phenomena, into Avhich we cannot 
ac((uire an immediate insight, but can only attain it gradually. 

Ihit, lU'vertheless, J hope to have shown that the theory of 


* (\)ni|)are iiiy paper, ‘ Parti u'nogonope hei den Ostnicodcn,’ in ‘Zool. Anxeiger,’ 
iSSo, j). 82. J’lirely negative evidence, unless on an immense scale, is (|uitG rightly 
eoiisidert'd to ho of 110 great value in most cast's. Jhit the condition of these animals 
renders the aecumnlation of such evidence unusually easy, because the presoriec of 
males in a colony of Ostratrodes can he proved by a very sim})le indirect test. Thus 
if a Cidony contains any males the 7 'ercj)farula .semini.s of all mature females are filled 
with spermatozoa, and on the other hand we may be quite sure that males are 
absent, if after the examination of many mature females, no spermatozoa can be 
ftMuid in any of their rvccptacuht. 

Wt' cannt)t, however, he absolutely certain of this, for it is conceivable that 
males nni) still occur in colonies other than those examined. 

It has now been shown by rdochmaiin that males appear for a very short time 
towards the close of summer, as in the case PhyUojoern. — A.W., 1S88. 
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natural selection is by no means incompatible with the theory of 
‘the continuity of the o-erni-plasm */ and, fiidhor, that if we 
accept this latter theory, sexual reproduction aj^pcars in an entirely 
new li^ht : it has received a meaning*, and has to a certain extent 
become intelligible. 

The time in which men believed that science could bo advanced 
by the mere colh'ction of facts has long* passed away : wc know 
that it is not necessary to accumulate a vast numher of misccl- 
land^nis facts, or to make as it were a catalogue of them ; but we 
know that it is necessary to establish facts which, when grouped 
together in the light of a theory, will enable us to acepdre a certain 
degree of insight into some natural ])henomenon. In order to 
direct our attention to those new facts which are of immediate 
importance, it is absolutely necessary to seek the aid of some 
general theory for the arrangement and grou])ing of those which 
we already ])ossess. This has been my object in the present paper. 

But it may be ])erhaps objected that these phenonuma are far too 
complicated to be attacked a,t the present time, and that we ought 
to wait (piietly until the simpler phenomena have been resolved into 
their components. It may be asked whether the trouble and 
labour involved in the attempt to solve such questions as heredity 
or the transformation of species are not likely to be wasted and 
useless. 

It is tnic that wc sometimes meet with such opinions, but I 
beli(we that fhey arc based u])on a misunderstanding of tlie method 
which mankind has always followed in the investigation of nature, 
and which must therefore be founded upon the necessary relations 
existing between mankind and nature. 

Science has often been compared to an edifice which has been 
solidly built by laying stone upon stone, until it has gradually 
risen to greater height and perfection. This comparison holds 
good up to a certain ])oint, but it leads us to easily overlook the 
fact that this metaphorical building docs not at any point rest 
upon the ground, and that, at least up to the present time, it has 
remained floating in the air. Not a single branch of science, not 
even Physics itself, has commenced building from below; all 
branches have begun to build at greater or less heights in the air, 
and have then liuilt downwards: and even Physics has not yet 
reached the gi oimd, for it is still very uncertain as to the nature of 
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matter and Ibrce. In no single group of pluMioinona can we begin 
with the inv(?stigation of ultimate causes, l)ecause at tliis very point 
our in(‘ans of reasoning sto]> short. AVe cannot l)('gin with ulti- 
mate phenomena and gradually lead uj) to lliose which are more 
com]»lieat(‘d : we cannot proc(‘ed synthetically and deductively, 
building up tlui })h(‘nomena frnm below ; lait we must as a ride 
proeiied analytically and indnetivdy, proceeding from above down- 
wards. 

No on(‘ will dispute' these statements, but tluy are often * for- 
gotten, as is ])iov(’d Iw the above-mentiom'd objection. If we 
wen; ordy piMinil ted to atiaidv the more complicated phenomena 
after gaining a. eoin])lete insight intr) the simph'r ones, then all 
sc'ic'idiists would be ])hysieists and chemists, and not until Physics 
and (^luunistry won; dom* with should we be ])ermitted to proceed 
to tin; invest igatiion of organic nature. Under these circumstances 
wa; ought not, to ])ossess now any scimitific theory of medicine ; 
for th(‘ study ol' pathological jihysiology could not be commenced 
uidil normal j)hysiology was com])letely knowm and understood. 
Y(‘t how gn'at a debt, is owing by normal to })athological ])hysio- 
logy ! This is an (‘\am}>le which enforces the conclusion that it 
is not, only piuanissiblc, hut in the highest degrci* advantageous, for. 
tlu; dillei'cnt s])hi‘res of ])henomena. to be attacked simultaneously. 

hurtlu'rmore, if we had been compelled to proceed from the 
simple to the complex, wliat would have become of the Theory of 
.Desiant', tin; itdluence of which has advarua'd our knowledge of 
Hiology to an altogetlu'r immeasurable extent? 

But in this often repeated crit.icism that wa' are not yet ready to 
attack such complicated jihenonu'ua as heredity, is hidden still 
another lallaey, for it is implied t-hat facts become less certain in 
pro])ortion to the eonijdexily of their causes. Put is it less certain 
t-hat the egg ol an eagle develo])es into an eagle, or that the pecu- 
liarities of tlu; fatlu'r and mother are transmitted to the child, than 
that a stone falls to the ground when its suj)])ort is taken away? 
Again, is it not possible to draw^ a pi;rfectly distinct and certain 
conclusion as to the relative quantity of the material basis of 
heredity, })resent in the germ-cells of either parent, from the fact 
that the father and mother []ossess an eijiial or nearly equal share 
in heredity? But it is really unnecessary to argue in this way : 
w hy should we do more than re-allirm that such a method of pro- 
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cedure in scientific investigation is the only way by which we can 
gradually penetrate the hidden de])tlis of naiiural phenomena? 

No ! Biology is not obliged to wait until Physics and Chemistry 
are completely finished ; nor have we to wait ibr the investigation 
of the ])henomena of heredity until the physiology of the cell is 
complete. Instead of com])aring the ])rogress of scienct' to a, build- 
ing, I shoidd preler to com})arc it to a mining operation, uiulertaken 
in order to open u]) a Im^ly branching lode. Such a lode must 
nolf be attacked from one point alone, but from many points 
simultaneously. Prom some of these we should quickly reach the 
deep-seated ])arts of the lode, Irom others we should only reach its 
superlicial ])arts ; but from every point some knowledge of the 
complex fofft emnnhlc of the lode would be gained. Aiul the more 
numerous the ])oiniiS of attack, the more coin])lei'C would be the 
knowhidge accpiired, for valuable insight will be obtained in every 
})lacc where the work is carried on with discretion and ])erseveranee. 

But discretion is indispensable for a fruitful result; or, leaving 
our mefaphor, facts must be conncct(‘d together by theori('S, if 
science is to advance. Just as theories are valueh'ss without a lirm 
basis of facts, so the mere collection of lacts, without relation and 
without coherence, is utterly valueless. Science is impossible with- 
out hypotheses and theories: they are the ])lummets with which 
we test the depth of the ocean of unknown phenomena, and thus 
determine the fuiiUre course to be pursued on our voyage of dis- 
covery. Th(‘y do not give us absolute knowledge, but they a (ford 
us as much insight as it is possibh^ for us to gain at the ])resi‘nt 
time. To go on investigating without the guidance ol* theories, 
is like attempting to walk in a thick mist without a track and 
without a compass. We should get somewhere under these* (drcuin- 
stances, but chance alone would determine whether we should reach 
a stony desert of unintelligible facts or a system of roads leading in 
some useful direction ; and in most cases chance would decide 
against us. 

In this s(‘nse I trust that the sign-post or com])ass which I otier 
may be accepted. ]^lven though it should be its fate to be replaced 
by a better one at a later period, it will have fulfilled its object if 
it enables science to advance for even a short distance. 
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ArrENDIGES. 

Appendix T. I'i pther considekations wittcii oppose Nageli’s 

EXPT.ANATION OF TPANSl ORMATION AS DUE TO INTERNAL (’AUSES 

II 

When I (locrilx' Nii^vli’s tliooiy of IransforTHalion as due to 
aotiv (3 causes \vitlnn the oro-aiiism, as a j)hyletic force of 

transforination, I do noi. uioan to iinjdy that it is one of those 
inystei-ioiis |)riu('i])les which, according* to some writers, constitute 
the un(!onscioiis cause wliich directs the transformation of species. 
Tsiiircli’s iflio[)lasm, whicli clian^'cs from within itself, is conceived as 
a tli()roui>hly sedentifie, nu'chanieally o])crjd.ing’ principle. This cause 
is un(loul)t(‘(lly cn])al)le of iheoretical conception : the only ipiostion 
is whether it has any ri'al (‘xistenee. According to Niiij;*(3li, the 
^n’owin^^ ori>‘nnic sul)stance, the idio])lasm, not only represents a 
pvrpdluHW mohi/e rendered possible as long* as iis substance con- 
tinually receives from without the matter and force which arC', 
necessary for continuous g-rowth, but. it also ri^presents a per- 
petunm. rarhihi/e diu' to the action of internal causes J3ut this is 
just the doubtfid ])oint, viz., whether the structure of the idioplasm 
it.self com]K‘ls it to changi' g*radually during* the course of its g'rowth, 
orwlu'thorit is not rather the external conditions which compel the 
ever slightly varying idiojdasm to change in a certain direction by 
the summation ol’snmll ditfercnccs. It lias been shown above that 
we do not gain a in' thing by adopting INugeli’s theory, liecause the 
main probhun which organic nature ofiers for our solution, viz. 
adaidation, remains unsolved, lienee this theory does not ex])lain 
the phenomena of nature, and I believe that there arc also certain 
facts wliich are directly antagonistic to it. 

If the idioplasm ri'ally ])ossessed tlic ])ower of spontaneous varia- 
bility ascribed to it by ISiigeli ; if, as a result of its own growth, it 
were eom])elled to undergo gradual changes, and thus io iiroduce 
new^ species, w e should expect that the duration of species, genera, 

^ Appendix to page 257. 

‘ 1. c., p. I iS. 
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orders, &c. would l)e of approximately ecpial leuo’th respectively, at 
least ill forms of e(pial structural com})l(‘\ity. The time re(piired 
by the idioplasm to underi>^o siicli cliano’c's as would coustitiitc 
transformation into a new species oug-ht to b(' always the same at 
equal heights in the scale of org’ani/ation, that is, with eipial com- 
plexily in the molecular structure of the idio])lasm. It appears to 
me to be a necessary conse(|uence of Nii^'eli’s tlieory that the causes 
of translbnnation lie solely in this molecular structure of the idio- 
])lasm. If nothiuijj* more than a certain amount of i>’rowth, and 
consefpiently a certain jieriod of time during’ whi(;h the or^-anism 
r(‘])roduces ii.self with a certain intensity, is re(|uired to ])roduco a 
chan<^*e in the idio])lasm, then we musi, conclude that the alteration 
in the latter must take place when this certain amount of growth 
has been reached, or albu’ this c(‘rtain ])eriofl has (hi])sed. Tn other 
words, th(! time during' which a species exists — from its ori<i’in as a 
modillcation of some oldcu* sj)ecies, until its own transformation into 
a new on(' — must be the same in spc(*ies with the same dei>*ree of 
organization. Ihit tin.' facts are very far from sup])ortin^ this con- 
sc(|uenco of Nao’cli’s theory. The duration of s])e(des is excessivxdy 
variable: many arise and perish Avithin the limits of a sins»*le 
iJCeolo^ical formation, while others may be restrict(‘d to a Axry small 
})art ol' a formation ; others u^iun may last th]-oun*h several forma- 
tions. It must be admitted i.hat we cannot estimate the exact 
position of extinct species in the scale of or»*aniza,tion, and the 
dillerences may tluMA'fore dejumd uj)on diffenmcc'S of orii^’anization : 
or they may be explained by the supposition that ccTtain species 
may have become incapable of transformation, and mig'ht, under 
favourable conditions, continue to exist ibr an indefinite period. 
Ihit this rc])ly would introduce a new hypothesis in direct anta- 
jT-onism to Naj^eli’s theory, which assumes that the variability of 
idio])lasm takes place as the consetpnmce oi* mere ^Towtli, and ne- 
cessarily dc])cnds iq)on molecular structure. himself asserts 

that the essential substance (idioplasm) of the descendants of the 
earliest forms of life is in a state of perj)etual chan^v, which would 
continue even if the series of successive ^Tnerations were indefinitely 
prolono’cd Hence there can be no rest in the ])rocess of change 
which the idio])kism must nnderii^-o ; and this is as true of each 
single species as it is of the organic Avorld taken as a whole. We 

‘ 1. c., p. iiS. 
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could, perhaps, find shelter in the insufficiency of our g-eological 
hnowled^e, but the number of ascertained facts is too g*reat for this 
to be ])ossible. Thus it is well known that the ,«*cnus Aa?ffi//{s has 
lasted from Silurian tinus, throuG;*h all the three i^eoloi^ical periods, 
up to the ])r(‘sent day; while all its Silurian allies [Ort/ioccrai^, 
(lovrpjforrra.'i^ kc.) bc(*ame extinct at a com})arativcly 

early peu-iod. 

A keen and (‘hn^r controversialist miij^ht still brin^* forward 
many objections ai^^ainst such an ar<»*ument. 1 do not iliere/oro 
place too much dejxmdence upon the i^-coloiiical facts by themselves, 
as a disproof of the S(‘,lf-variabilitv of Niio-eli’s idioplasm ; for it must 
be admitted that the facts are not sufficiently com])lete for this 
])ur])Ose. bor lnst.an(;e, in the case of Na/f/iZ/fS it mi,L>*ht be aro’ued 
that we do not know anythin^* about the fossil Cej)halopods of 
])r('-Silurian times, and that it is therefore possible that the abovc- 
imuitioned allies of Nan H In ft may have existed previously for as 
lono;* a. jieriod as that throuoii which NaulilnH has lived in post- 
Silurinn time. TTowever this may be, it will be at least conceded 
tiiat- tiu‘ o'ooloo’ical tacts do not lend any support to Niio'eli’s 
theory, for we can see no trace of even an approximately regular 
succession of forms. 

Aitkndix TI. NACEia’s explanahon oe adaptation \ 

In order to explain ada])tation JS'ili>*eIi assumes that, under ccM’tain 
circumstances, (‘xternal influences may cause slio-ht permanent 
chano’cs in tpln* idio[)lasm. If then such influences act continually 
in th(^ sam(‘ direction durino- loni*' ])eriods of time, tiic chang'cs in 
the idio})lasm may increase to a perceptible amount, i. e. to a degree 
w hich makes itself felt, in visible external characters ^ llut such 
changes alone could not be considered as adaptations, for the essen- 
tial character of an adaptation is that it must be a purposeful 
change. Nagcli, hownnau*, brings forward the fact that external 
stimuli often i)i*oduce their chief effects at that very part of the 
organism to which the stimuli flicmselves wxu’e applied. ‘If the 
results arc detrimental, tile organism attempts to defend itself 
against, tlie stimulus: a confluence of nutrient fluid takes place 
tow ards Ihe part upon which the stiniulus has acted, and new tissues 

^ Ai,]nndix to iiage 258. ‘-i 1. c-., p. 137. 



301 


,IN THE THEORY OF NATURAE SELECTION. 

are formed which restore the integrity of ilic oro’anism by replaciiifi: 
the lost sfcrnctares as far as possible. Thus in ])la]its the hcaltliy 
tissues bejQ[*iu to li^row actively around the seat of an injury, tending 
to close it up, and to afford protection by imixuietrahle layers of 
cork.’ Purposeful reactions of this kind are certainly coinnion in 
the oriJ’anic world, occurrini** in animals as well as in plants. Thus 
in the human body an injury causes a ra])id ^-rowth of the siirroiind- 
in<^ tissues, which leafls to the closinj^-uj) of the wound ; while in the 
Safkmander even the amputated lei^ or tail is replaced hy .uTowth. 
An extreme example of these purposeful reactions is atforded by 
the tree-fro.^* which is of a li«^dit-i4Tcen colour when seated 

upon a lig'ht-^’rcon leaf, but becomes dark brown when iiransferred 
to dark surroundings. Hence this animal ada])ts it self to the colour 
of its environment., and thus ^nins ])rotc(?tion Iroiu its (Miemies. 

Admitting this capability on the part of ori»'anisms to I'cact under 
certain stimuli in a jmrposcful manner, the cpiestion remains 
whether such a pow(;r is a primitive orij^'inal (luality belono-in<»* to 
the essential nature of each orjG^anism. '^I’hc power oi chanL»’incc the 
colour of the skin in correspondence with that of the surr()un(liTii>'s 
is not very common in the animal kinij^dom. In the lmi>“ this 
power de})cnds upon a highly conijdox rellex mechanism. Certain 
chromatojdiorcs in the skin are connected with nerves^ which ]iass 
to the l)rain and arc there brought into relation, by moans of mnwe- 
cells, vvit.h tlie nervous centres of the organ of vision. The relation 
is of such a kind that strong light falling u])on the retina consti- 
tutes a stimulus for the production of an impulse, which is conducted, 
along the previously mentioned motor nerves, from the brain to 
the chromatophorcs, thus determining the contraction of these 
latter and the consequent appearance of a light-coloured skin. 
When the strong stimulus (of light) ecases, the chromatophorcs 
cxj)and again, and the skin becomes dark. That the (^hroniato- 
phorcs do not themselves react upon the direct stimulus ol light 
was ])roved by Lister who showed that blind frogs do not ])ossess 
the power of altering their colour in correspomhnice with that of 
their environment. Jt is quite obvious that in this case we are not 
dealing with a primary, but with a secondarily produced character ; 

• 1 Compare Briicke, ‘ FarUenwechsel dcs CliamiikHm.’ ^Yien. SiuLer. 1851. Also 

Ijeydig, 'Die in Deiitnchland lebenden ISaurier,’ 1872. 

^ ‘ BLilosophical Transactions,’ vol. cxlviii. 185S, pi). 627- C44. 
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and it lias yet to ho proved that all the piir]ioseful reactions men- 
tioned by Nii,if*eli are not similarly secondary characters or adajita- 
tions, and thus very far from hein^ primitive (pialities oi’ the 
organic substance of the forms in which they occur. 

I do not by any means doubt that some of the reactions wit- 
nessed in organisms do not (h‘pend u])on adaptation, but such 
reactions are not usually purposeful. Curiously enoug*h, Nageli 
mentions the formation of ^alls in jilants amon^»* his insl.ancos of 
pur])Oseful reactions under external stimuli. I think, howeVer, 
that it can hardly be maintained that the ^‘alls are of any use to 
the plant : on the (iontrary, they may even bo very injurious to it. 
The ^all is only usetul to the insr'ct which it ])roteets and supplies 
with food. The recent and most excellent investigations of Adler ^ 
and of neyerinek “ have shown that the puncture made by the 
di/Hfjhs in depositing* its en^ii^s is not the stimulus which jiroduces 
the o-all, as was rornu'rly believed to be the case, but that such a 
stimulus is providinl by the larva which develojies from the eo*o’. 
^riic jiresonce of this small, actively moving-, forei;^*!! body stimu- 
lates the tissue of the ])lant in a detinite manner, always produeino' 
a result wliich is advantao'eous to the larva and not to the ))lant. 
Tt would be i.o the advanta<j^e ol‘ the latter if it kill(‘d the in-*- 
trudin<4* larva, eitlun* enclosing* it by woody tissue devoid of nourish- 
ment, or ])oisouini»* it by some acrid secretion, or simply (jrushino* 
it by the active i'*i'owth of the surrounding* tissues. Hut nothing* of 
the kind o(!Curs : in fact an active i»*r()wth of C(dls (Ibrininy* the 
so-called ‘Hlastcm’ of Hey eriiick) takes place around the embryo, 
while it is still enclosed in the e<»*i>’-eapsule ; but the ;L^*rowth is not 
such as to crush the embryo, which remains free in the cavity, the 
so-called larval (hamber, which is formed around it. It would be 
out of place to discuss here the ([uestion as to how we can conceive 
that th(j ])lant is thus coin])elled to ])roduce a ^‘rowth which is at 
any rate indilferent and may be injurious to it ; and which, more- 
over, is exactly aila})tcd to the needs of its insect-cneiny. Hut it 
is at all events obvious that this cannot be an (‘xample of a self- 


‘ Adlt r, ‘ Ueitriii^e zur Xatiirj^^esciliichto der Cvnipideii,’ Deutsche cntoni. Zeitnclir. 
XXL, 1877, P- ^09; author, ‘ Uebor den (Jeiierationsweclisel der 

Eielien-CJidhvespen,’ Zeitsclir. f. wiss. Zool., Ed. XXXV. iSSo, p. 15 1. 

lieyerinek, ‘ Jh'obHohtungen iiber die ersten Entwicklungsphaseu einiger Cy- 
iiipideiigallcu; Vorlundl. d. Ainssterd. Akad. d. Bd. XXI L. 1SS3. 
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protecting* reaction under a stimulus, and that therefore an organism 
does not always respond to external stimuli in a manner' useful to 
itself. 

But even if we could accept the suggestion that the purposeful 
reaction of an organism under stimulation is a primary and not a 
secondarily produced character, such a princi})lc would hy no means 
suflicc for the ex])lanation of existing adaptations. Niigeli attem])ts 
to explain certain selected cases of adaptation as the direct results 
of External stimuli, lie looks upon the thick hairy coat of mam- 
mals in arctic regions, and the winter coverings ol‘ animals in tem- 
perate regions, as a direct reaction of the skin under the influence 
of cold, lie considers that the horns, claws, and tusks of animals 
have arisen directly Jis reactions under stimuli aj)plied to certain 
parts of the surface of the body in attack and defence This inter- 
pretation is similar to that ofler(‘d by Lamarck at the beginning of 
this ceni,\iry. At first sight such a suggestion a])])ears to be 
plausible, ibr the ac(|uisition of a thick hairy covering by the 
mammals of tem])eratc regions is Jictually contemporaneous with 
the cold season of the year. But the ({uestion arises as to whether 
the production of a larger number of hairs at the l)i\ginning of 
winter is not merely another instance of a secondary character, like 
Bic assum])tion of a green colour by the tree-frog under the stimulus 
exerted by strong light. 

In the case of the hairy coat it is only nc(;(‘ssary to produce a 
larger numlier of structures such as had existed ])reviously ; but how 
can it have been possible for the p(‘ta,ls of flowers, with their 
peculiar and complex forms, to ha.ve been developed from stamens 
as a direct result of the insects which visit tliem in order to obtain 
pollen and nectar? How could the creeiung of these insi'cts and 
t he small jiunctures made by them constitute stimuli for the jjroduc- 
tion of an increasijd rate of growth? And how is it possible in any 
way to explain, by mere increase in growth, the origin of a struc- 
ture in whi(*Ji (‘ach jiart has its own distinct uK'aning a,nd plays 
a ])eculiar part in attracting insects and in the pro(*ess of cross- 
fertilization efheted by them ? Even if the manifold peculiarities of 
form could be explained in this way, how can such an explanation 
possibly hold for the colours of flowers? How could the white 
dolour of flowers which open at night be explained as the direct 

* I. c., p. 144. 
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rosult, of tlio creeping* of insects? ITow can the suggestion of such 
M cause offer any interpretaiion of tlui fact that flowers wliich open 
by (lay are tinted with various colours, or of the fact that there is 
often a bright or highly co]our(‘d spot which shows the way to the 
hidchui nectary? 

d'herc arc, moreover, a largo number of very si.riking adaptations 
in form and colour, for which no stimulus acting directly u])Oii the 
organism can lx; found. Can we imagine that tlie g*reen caterjnllar 
plant-bug, or grasshopper, sitting* among* green surrounding's, 
is thus exjjosed to a stimulus which directly produces the green 
colour in ilie skin ? (tan the walking-stick insect, which resembles 
a brown twig, b(‘ subject to a transforming stimulus by sitting* on 
such branclu's or by looking at them ? Or again, if we consider 
the pli(‘nom(;na. of mimicry, how can one sjx'cies of biitierlly, by 
Hying about with another species, exercise upon the latter such an 
influ(;nc(; as to render it similar fo the first in ap]x\‘U’ance ? In 
many cases of mimicry, the mimicked and the mimicking s])ecies 
do not even live in the same place, as we see in the moths, (lies, 
and beetles which resenddc in appearance (be miuh-dri'adod wasps. 

dh<' inter])reta,tion of adaptation is the Aveak 2)art» of Nageli’s 
theory, and it is somewhat rcnnarkablc that so aeutc' a thinker 
should not have ]H‘rceiv(‘d this himself. One very nearly gains 
tlie impression that iShigcli does not wish to understand the theory 
of natural selection. He says, for instance, in s])eaking of the 
mutual a<laptation observable betwemi the proboscis, tin; so-ca.lled 
‘ tongue ’ of butterflies, and (lowin-s with tubular corolla,^ : — ‘ Among 
the most remarkable and commonest adaptations observable in the 
forms of llow('rs, are the corollas with long tubes considered in re- 
lation to the long* ‘‘ tongues” of insects, which suck the nectar from 
the ])ottom of the long narrow' tubes, and at the same time effect 
flic cross- Icrtilizal ion of the plant. Both thcsi' arrangements have 
been gradually dov(‘lopcd to their present degree of complexity — 
the long-tubed corollas from iliose Avitbout tubes, and from those 

P It is now known tliat ninny suoh cntcrpillars are actually modified in colour by 
tlieir surroundiiiufs. but tlio piocess a{)])enrs to be indirect and secomlarily acquired by 
the operation of natur.al selection, like that of the chan^^c •)f colour in the clianiaeleoii, 
fro^^s, fisli, etc. ; althounh the stimulus of lij,dit sicts upon the eyes of the hitter animals 
and upon the skin of the caterpillar. See the seventh Essay (pp. 394 397) for a mor.'i 
lietailed account. — E. Ik Ik] 

^ 1. c., p. 150. 
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with short ones, the long “ tongues ” from short ones. Undonhtedly 
both have been developed at the same viiio so that the length of 
both sets of structures has always remained the same.’ 

No objection can be raised against these statements, but Niigeli 
goes on to say : — ‘ But how can such a ])rocess of development be 
explained by the theory of natural selection, for at each stage in 
the process the adaptation \vas invariably eomjdete. llie tube of 
the corolla and the “tongue” must have reached, for instance, at 
a cettain time, a length of .) or lo mm. If now the tube of the 
corolla became longer in some jdants, such an alteration would have 
been disadvantageous because the insects would be no longer able to 
obtain food from them, and would therefore visit (lowers with 
shorter tubes. IFciKie, according to the theory of natural selection, 
the longer tubes ought to have disai)j)earcd. If on the other hand 
the “ tongue ” became longer in some insects, such a change' would be 
supertluous and should have be'cn given uj), according to the same 
theory, as unnecessary structural waste. 4'he simultaneous change 
in the two structures must, according to the theory of natural 
selection, be due to the same principle as that by which Miineh- 
hausen pulled himself out of a bog by means of his own pig-tail.’ 

But, according to the theory of natural selection, the case appears 
in a very different light from that in which it is jmt by Nageli. 
The flower and the insect do not conqx'te for the greater length of 
their respective organs : all through the gradual ])ro(;ess, the flower 
is the first to lengthen its corolla and the butterfly follows. Their 
relation is not like that between a certain s]jecies of animal and 
another wdiich serves as its prey, where eacth strives to be the 
quicker, so that the speed of both is increased to the greatest possible 
extent in the course of generations. Nor do tiiey stand in the 
same relation as that obtaining between an insectivorous bird and a 
certain species of butterfly which foians its ])rincipal food ; in such 
a case two totally different characters may be continually increased 
up to their highest point, e.g\ in the butterfly similarity to the 
dead and fallen leaves among which it seeks protection when 
pursued, in the bird keenness of sight. As long as the latter 
([uality is still capable of increase, so long will it still be advanta- 
geous to any individual butterfly to resemble the leaf a little more 
cotnpletely than other individuals of the same species ; for it will 
thus be capable of escaping those birds which possess a rather 

X 
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keener than others. On the other hand, a bird with rather 

keener si<4*ht will have the greatest chance of catching the better 
jrotecited butterflies. It is only in this w^ay that we can explain 
the constant jjrodiietion of such extraordinary similarities between 
insects and leaves or otluu* parts of plants. At every stage of 
growth })oth the insect and its pursuer are completely adapted to 
each other ; i. e. they arc so far ])rotected and so far successful 
respectively, as is n('c('ssary to ])revent that gradual decrease in the 
average niimlx'r of individuals wliieh would lead to the extermina- 
tion of the species h Hut the fact that there is eoin])lete adaptation 
at each stage do('s not j)r(‘vent the two species from increasing 
those cpialities ot ))roteetion and of j)ursuit u])on which they res])ec- 
tiv(‘ly de]Kmd. So far from this being the case, they would be 
necessarily eompcdled to gradually increase these qualities so long 
as the physical ])Ossibility of improvement remained on both sides. 
As long as some birds possessed a rather keener sight than those 
which ])reviousIy existed, so long would those butterflies i)ossess an 
advantage in which the resemblance to leaf-veining was more dis- 
tinct than in others. Ihit from the moment at which the maximum 
keenness ol eyesight attainable had been reached, at which there- 
fore all ])uttcrflies rcsem1)led leaves so completely that even the 
birds with th(^ keenest eyesight migdit fail to detect them when at 
I’est, — from this very ])oint any further imju’ovement in the simi- 
lariiy to leaves would cease, because the advaiita.ge to l)e gained from 
any such im])rovement would cease at the same time. 

buch reciprocal intensification of ada})fivc characters a])pears to 
me to have been one of the most important factors in the transfor- 
mation of s})e(des : it must have persisted through long scries of 
species during phylogeny: it must have affeetcxl the most diverse 
l)arts and characters in the most diverse grou])s of organisms. 

In certain large butterflies of the Indian and African forests 
— Kalliwa imrakcfa^ K, ‘uiachU, and Yv. alhofcmiata — it has been 
fre(piently i)ointcd out that the deceptive resemblance to a leaf is so 
striking that an observer who has received no hint U])on the sul)ject 
believes that he sees a leaf, even when he is looking at the butter- 
fly very closely. The similarity is nevertheless incomplete ; for out 

In order to make the case aa simple as j)ossiblo, 1 assume tliat the insectivorous 
bird feeds upon a single species of insect, and that the insect is only attacked by a 
single species of bird. 
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of sixteen specimens in the collections at Amsterdam and Leyden, 
I could not find a single one which had more than two lateral veins 
on one side of the mid-rib of tlie supposed leaf, or more than three 
upon the other side ; while about six or seven veins should have 
been present on each side. But from two to three lateral veins are 
am])ly sufficient to produce a high degree of resemblance ; in fact 
so much so that it is a matter for wonder as to how it has been 
possible for such a relatively perfect copy to have been produced ; 
or how the sight of birds can have become so highly developed that 
while flying rapidly they could perceive the vein-like markings ; or 
to state the case more accurately, that they could detect tliose indi- 
viduals with a less number of veins than others. It is possible that 
the process of increase in resemblance is still jiroceeding in the 
species of the genus Kalliiua ; at all events, 1 was struck by the 
rather strong individual differences in the markings of the supposed 
leaf. 

On the other hand, the cause of the increase in length of the 
tubular corolla and of the buttcrli}’'s ‘tongue,’ lies neither in the 
flower nor in the butterfly, but it is to be found in those other 
insects which visit the flower and steal its honey without lacing of 
any assistance in cross- fertilization. It may be stated shortly, that 
non-tubular corollas, wil-h the honey freely exposed — for it must be 
assumed the ancestral form was of this kind — gradually developed 
into corollas with the honey deejdy concealed. The whole process 
was presumably first started by the flower, for the gradual with- 
drawal of the honey to greater d(^])ths conferred the advantage of 
protection from rain (Hermann Mfiller), while larger ([uantities of 
honey could be stored up, and this would also increase the num- 
ber of insects visiting the flower and render their visits more 
certain. As soon as this withdrawal occurred, the mouth-parts of 
insects began to be subjected to a selective process whereby these 
organs in some of them were lengthened at the same rate as that at 
which the honey was withdrawn. When once the process had 
begun, its continuance was ensured, for as soon as flower-fre<pient- 
ing insects were divided into two groups with short and with long 
mouth-parts respectively, a further increase in the length of the 
corolla-tube necessarily took place in all those flowers which were 
especially benefited by the assured visits of a relatively small 
number of species of insects, viz., those flowers in which cross- 
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fertilization was more certainly performed in this way than by the 
uncertain visits of a great variety of species. This would imply 
that a still further increase in length would take place, for it is 
obvious that the cross- fertilization of any flower would be more cer- 
tainly performed by an insect when the number of sj)ccies of plants 
visited by it became less; and hence the cross- fertilization would 
be rendered most certain when the insect became completely 
ada])ted — in size, form, character of its surface, and the manner in 
which it obtained the honey — to the peculiarities of the flower. 
Those insects which obtain honey from a great va.riety of* flowers 
are sure to waste a great ])art of the ])ollen by carrying it to the 
flowers of many different species, while insects which can only 
obtain honey from a few species of plants must necessarily visit 
many flowers of fke same s])ecies one after the other, and they 
would therefore more generally distribute the j)ollen in an effective 
manner. 

Hence the tube of the corolla, and the ‘tongue’ of the butterfly 
which brings about fertilization, would have continued to increase 
in length as long as it remained advantageous for the flower to ex- 
clude other less us(‘ful visitors, and as long as it was advantageous 
for the Imttcrfly to secure the sole possession of the flower. Hence 
there is no eom])etition between the flower and the butterfly which 
fertilizes it, but between these two on the one side, and the other 
would-be visitors of fbe flower on the other. Further details as to 
the advantages wliich the flower gains by excluding all other 
visitoi’s, and t.he butterfly by being the only visitor of the flower, 
and also as to the manifold and elaborate mutual adaplations between 
insects and flowers, and as to the advantages and disadvantages 
which follow from the com^ealment of the honey — will be found in 
Hermann Midler’s ^ work on the fertilization of flowers, in which 
all these sid)jects arc minutely discussed, and are clearly explained 
in a most admirable manner. 

Appendix III. Adaptations in Plants-. 

It is well known that Christian Conrad Sprengcl was the first 
to recognise that the forms and colours of flowers are not due to 

^ English Edition, translated by D’Arcy W. Thompson, B.A. London, 1893, 
p. 509 ct soqq. 

“ Appendix to page 260. 
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chance, that they are not the mere sj)ort of nature, and that they 
are not made for the enjoyment of man, hut tliat their purpose 
is to attract insects for the performance of cross-fertilization. It 
is also well known that this discovery — which was made at the 
end of the last ceniury, and which caused much excii ement at that 
time — was completely forgotten, and was brought to light again by 
Charles Darwin when attacking the same problem. 

In his work entitled ‘The Solution of Nature’s Secret in the 
Sti'ficture and F(U’tilization of Flowers ’ Das entdeckte (leheimniss 
der Natur irn I3au und der Befruchtung der IBumen’), published at 
Berlin, in i793) Sprengel showed, in several hundred eases, that the 
peculiarities in the structure and colours of Howers were calculated 
to attract insects, and to ensure the fertilization of the flowers l)y 
their instrumentality. But it was due to his successor in this lino 
of invcstig’ation that fhe whole significance of the cross-fertilization 
effected by insects was made clear. Darwin ’ showed that in many 
cases, although not in all, the intention of nature was to avoid 
self-fertilization, and he showed that stronger and more numerous 
descendants are produced after cross-fertilization. 

After Darwin, several investigators, such as Kerner, Delpino 
and Hildebrand, have paid further attention to the sul)jeet, but it 
has been es])ecially studied in a most thorough manner by Her- 
mann Miillcr He looked at the subject from more than one point 
of view, and showed by direct observation the species of insects- 
which effect cross- fertilization in various species of our native 
flowers: he also studied the structure of insects in relation to 
that of flowers, and attempted to establish the mutual adapta- 
tions which exist between them. In this way he succeeded in 
throwing much light upon the process of transformation in many 
species of flowers, and in proving that certain insects, although un- 
consciously, are, as it were, breeders of certain forms of flowers. Jle 
not only distinguished the disagreeably smelling, generally in- 
conspicuous flowers (n^kelblumen ’) produced by l)ij)tera which live 
on putrid substances, and the flowers which are produced by butter- 
flies ; but he also distinguished the flowers bred by saw-ilics, by 

' Ch. Darwin, ‘On tlie fertilization of Or(;liids by TnsectH.^ London, 1877. 

^ Compare Hermann Miiller, ‘Die Jlefriiclitung dor Llumcii durcli TiiBokten und 
die gegenaeitigcii Anpassungeii beider.’ Leipzig, 1873. »Scc also many articles by the 
same author in ‘ Kosinos,’ and other periodicals. These later articles are included 
in the English translation by D’Arcy W. Thomi)son. 
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Fossorifi, and hy bees. He even believes that in certain cases ( Viola 
calcarala) ho can prove that a flower which owed its ori^^inal form to 
bein^ bred by bees, was afterwards adapted to cross-fertilization by 
})iittcrflies, when it had migrated into an Alpine region where the 
latter insects arc far more alnindant than the former. 

Although there must of course l)e much that is hypothetical in 
the inter])retations of the diflerent parts of flowers ofiered by 
Hermann Muller, the majority of these explanations arc certainly 
correct, and it is of the greatest interest to be able to recognise the 
ada])tive character of details, even when apparently unimportant, 
in the structures and colours of flowers. 

Sachs has o Acred a very convincing explanation as to the mean- 
ing of leaf-veining, and of its significance in relation to the 
functions of leaves h He shows that the venation of a leaf is in 
every case exactly adapted I’or the fulfilnumt of its ])ur])0se. It 
has, in the first ])lace, to conduct the nutrient fluid in both direc- 
tions, and in the second plac(i to sup])ort the thin layers of assimi- 
lating chloropliyll cells, and to stretch them out so as to expose as 
large a surface as j)ossil)le to the light ; lastly, it has to toughen 
the leaf as a i)rotect.ion against being toi'ii. He shows in a very 
convincing manner that the whole diversity of leaf venation canhe 
undersiood irom these three principles. Here, again, we meet with 
jnirposeful arrangements in a class of structures in which it was 
•formerly thought that there was only a chaos of accidental forms, 
or, as it were, the mere sport of nature with form. 

Appkndix IV. On the supposed transmission ok acquired 

CHARACTERS-. 

When 1 previously maintained that the proofs of the trans- 
mission of artificially ]>roduced diseases are inconclusive, 1 had in 
mind tlic only ex 2 )eiinients wliich, as far as I am aware, can be 
adduced in favour of the transmission of acquired characters; viz. 
the experiments of llrown-Secpiard ^ on guinea-])igs. It is well 

^ ‘ Lectures on the Physiology of IHants,’ translated by H. Marshall Ward, 
Oxford, 1887, p. 47. 

* Appendix to page 267. 

^ Brown-Soqiiard, ‘Researches on epilepsy; its artificial production in animals 
and its etiology, nature, and treatment.’ Boston, 1857. various papers byl 4 e 

same author in ‘Journal de physiologic de Thonime,’ Tome I and ITT, 1858, 1S60, 
and in ‘ Archives de physiologie normalc ct pathologique,’ Tome I-IV, 1868-1872. 
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known that he produced artificial epilepsy in tliese animals by 
dividin!> certain parts of the central and also the peri]>heral nervous 
system. The descendants of the animals which ae(iuired epilepsy 
sometimes inlierited the disease of their parent s. 

Tliese experiments have been since repeated hy Oliersteincr ^ 
who has described them in a very exact and ontiicly un])rojudiced 
manner. The fact itself cannot be doubted: it is certain that some 
of the descendants of animals in wliich epilepsy has been ariilicijilly 
prdfliiccd, have also themselves suffered from epilepsy in conse- 
quence of the disease of their parents. This fact may be accepted 
as proved, but in my opinion we have no rii>*ht to conclude from it 
that acipiired characters can be transmitted. Mjiilepsy is not 
a mor])holo_<»*ical character; it is a disease. We could only speak 
of the transmission of a mor])holoo*ical character, if a certain mor- 
phological chano'o which was the cause of epilepsy had been pro- 
duced l)y the nervous lesion, and if a similar chan^*e had rc-appear’cd 
in the otfsprin^*, and had produced in them also the syin])toms of 
epile])sy. Eut that this really occurs is utterly un])rov('d ; and is 
even liifthly inqirobable. Jt has only l)ecn proved tluit many de- 
scendants of artificially e])ilcptic parents are small, weakly, and very 
soon die ; and that others are ])aralysed in various parts of the 
body, i. e. in one or both of the jiosterior or anterior extremities ; 
while others a<^*ain exhibit trojihic paralysis of the cornea leadino' 
to inflammation and the formation of pus. In addition to these 
sym])toms, the descendants in very rare cases exhibit upon - the 
application ol‘ certain stimuli to the skin, a tendency toAvards those 
tonic and clonic convulsions k)<>*ethor with loss of consciousness 
which constitute the features of an epileptic attack. Out of thirty- 
two descendants of epileptic parents only t-wo exhihited such symp- 
toms, both of them bcinii;' very weakly, and dyin^’ at an early a,i>*c. 

These experiments, although very interesting, do not enable us 
to assert that a distinct morphological chani^’e is transmitted to 
the offs])rini*- after havini** been artificially induced in the parents. 
The injury caused by the division of a nerve is not iransmitted, 
and the part of the brain corresponding- to that which w as removed 
from the parent is not absent from the offspring-. The symptoms of 
a disease arc undoubtedly transmitted, but the cause of the disease 
iti the offspring- is the real question which requires solution. The 

‘ ‘Oesterreicliische medicinische Jalirbiiclier.’ Jahrgang, 1875, p. 179. 
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syniptonis of epilepsy are hy no means invariably transmitted; 
they are in fact absent from the ^*reat majority of cases, and the 
very small proportion in which they do occur, exhibit the symptoms 
of other diseases in addition to those of ejnlepsy. The olfsprino* 
are either quite healiby (tliirteen out of thirty cases) or they suffer 
from distur])ances of the nervous sysfein, such as the above- 
mentioned motor and trophic paralysis, — symptoms which are not 
characteristic of epilepsy: however in some of the latter epilepsy 
is also present. 

If therefore we wish to express the matter correctly we must 
not state that epile|)sy is transmitted to the offspring*, but we must 
cx])ress the facts in the following* manner : — animals which have 
l)cen rendered e])ileptic by artificial means, transmit to some of their 
olfspriiiij;’ a t('nd(m(fy to suffer from various nervous diseases, viz. 
from motf)r paralysis, to a less deiii’ree from sensory, and in a hig'h 
degree from trophic paralysis ; in rare cases, when the symptoms 
nf ])aralysis are very markc'd, epilei)sy is also transmitted. 

If we now rememl)or that a considerable number of diseases are 
already known to be caused by the ])resencc of living organisms 
in ilie body, and that th(*se diseas(‘s may be tra,nsmitied from one 
organism to another in the form of germs, ought we not to coij- 
clude from the above-mentioned facts, that f.lu' sym])toms are due 
to an unknown microbe* which finds ii.s nutritive medium in the 
nervous tissues, rather than to su})pos(* that they arc due to 
morphological chang(‘s, such as a modification of the histological 
or molecular sfructure of certain ])arls of the nervous system? 
At all events, it would be more diflicult to understand the trans- 
mission of such a structural change, than the ])assage of a bacillus 
into t he sperm- or germ-cell of the parent. There is no ascertained 
fact w^hich su])port.s the former assumption, but it is very ])robablc 
tphat the transmission of syphilis, sma.ll-pox and tuberculosis ^ is to be 
explained by the latter method, although the bacilli have not yet 
been detected in the rc])roduct.ive cells. Furth(‘rmorc, this method 
of transmission has been rigidly proved in the case of the mus- 

^ A direct transmission of the germs of disease through the reproductive cells 
has lately been rendered j)robal)le in the case of tuberculosis, for the bacilli have 
been found in tubercles in the lungs of an eight- months’ fmtal calf, the mother being 
alfected at the time with acute tuberculosis. However it is not impossible that 
infection may hove arisen through the placenta. See ‘ Eortschritte der Medicin,’ 
Bd. Ill, 1885, p. 19S. 
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cardine disease of the silkworm. At all eveni.s we ean understand 
in this way liow it hap})cned that the oils])riun^ of artificially 
epileptic i!;*iiinea-])i.<ifs were adected with various forms of nervous 
disease, a fiict which would be (piite unintellio‘il)lc if we assume 
the occurrence of a true hereditary transmission o-f a morpho- 
loci’ical cliaractcr, such as a patholo<)'ieal chano’e in the structure of 
some nervous centre. 

The manner in which artificial epilej)sy becomes manifest after 
th(? operation, is also in favour of the explanation ofiered above. 
In the first place epilepsy does not result from any one sin^-le 
injury to the nervous system, but it may follow from a variety 
of difierent injuries. Erown-Sccpiard ])roduccd it by removini^ 
a portion of the ,efrey matter of the brain, and by dividing- 
the spinal cord, althoui»h the disease also resulted from a trans- 
verse section through half of the latter ori>*a.n, or from tlui section of 
its anterior or j)osierior columns alone, or from simply ])uncturin^ 
its sid)stance. Tlu^ most striking* efiecis aj)p(‘ared to follow wlien 
the spinal cord was injured in the re<>don between the eighth 
dorsal and the second lumbar vertebrae, althou^»h the results were 
sometimes also produced by the injury of oiluu* ])arts. I^lpih'psy 
also followed the division of the sciatic nerve, the inteiuial j)opliteal, 
and the ])Ostcrior roots of all nerves which j)ass to the l(\i>*s. dhe 
disease never ap})ears at once, but only alter the lapse of some 
days or weeks, and, according* to Brown-Scupiard, it is impossible 
to conclude that the disease will not follow the o])eration until 
after six or eii^’ht weeks liave ])assed without an epil(‘pt.ic attack. 
Obersteiner did not witness in any case the first symptoms of the 
disease for severaJ days after the division of the sciatic nerve. 
Alter the operation, sensibility decreases over a certain area on 
the head and neck, on the same side as tlie injury. If the animal 
1)0 ])inched in this iT^ion (which is called the epilei)tic area, ‘zone 
epiiepto^ene ’) it curves itself round towards the injured side, and 
violent scratching* movements arc made with the hind lee^ of 
the same side. After the lapse of several days or evem weeks, 
these scratchinn^ movements which result from pinching* in the 
above-mentioned area, form the beginning* of a complete e])ilcptic 
attack. Hence the changes immediately produced by the division 
rfa nerve are obviously not the direct cause of epilepsy, but they 
only form tlie beginning of a pathological process which is con- 
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(Inctcd in a centripetal direction from the nerve to some centre 
wliich is apparently .situated in the pons and medulla ohlon^'ata, 
althoui^h, according to other.s^, it is j)laced in the cortex of the 
cerebrum. Nothnao-el^ considers that certain chan^^-cs, the nature 
of which is sfilb entirely unknown, but wliich may bo histological 
or ]icrhaps solely molecular in characicr, must be produced, loading* 
to an increased irritability of the grey matter of the centres con- 
cerned. 

Nothnagel thinks it possible or even probable that in those 
cases in which the division of nerves is followed by epilepsy, a 
neuritis asceiahuis — an indammation passing* along the nerves in a 
central flire(*tion — is the cause of the changes suggested by him 
in tli(‘ ei)ilej)tic. cenire. Ail our knowledge of bacteria and of the 
pathologi(;aI ])ro(!(‘sscs indiUH'd by tlicni, seems to indicate that such 
a neurit is ascemdens, as is assumed by Nothnagel, would render 
im])ortant sui)])ort to the hypothesis that the artificial epilepsy is 
duo to in lection. Ihd. when we further consider that the otl'spring 
of artilicially epileptic animals may themselves become epileptic, 
although in most cases they suiler from a variety of other nervous 
diseases (in conse(|uence of trophic paralysis), 1 hardly see how the 
facts can be rendered intelligible except by supposing that in theise 
cases of what 1 may call traumatic epilepsy, we are dealing with 
an infectious disease caused by microbes which find their nutritive 
medium in the nervous tissues, and which bring about the trans- 
mission of the disease t o the olfspring* by yienetrating the ovum or 
the sy)ermato/oon. 

Obi'rsteiner found that the otfspring were more frequently dis- 
eased when the; mother was cjnleptic, rather than the father. This 
is readily intelligible when we remember that the ovum contains 
an immensely larger amount of substance than the spermatozoon, 
and can theri'fore be more frequently infeeded by microbes and can 
contain a. greater number of them. 

Of course, T do not mean to assert that opilejisy always depends 
upon infection, or upon the presence of microbes in the nervous 
tissues. Westphal produced epilepsy in guinea-pigs by striking 

' Compare Unvericht, * Experimentelle imd klinische Untersuchiingen uber die 
Epilcjjsie.’ Berlin, 1883. AVith regard to the question of hereditary transmission, 
the })art of the brain in which the epileptic centre is placed is of no importance. < 

“ Compare Ziemssen’s ‘Handbuch der spec. Bathologie nnd Therapie.’ Ed. XII. 
j.llalftc; Artikcl ‘ Epilepsio und Eklampsie.’ J^eipzig, 1877. 
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them once or twice sharply upon the head : the epileptic attack 
took place immediately and was afterwards repeated. It is obvious 
that the presence of microbes can have nothing* to do with such an 
attack, l)ut the shock alone must liave caused morpholoo’ical and 
functional changes in the centres of the pons and medulla, oblongata, 
identical with those produced by microbes in the other cases. 
Nothnagel also distinctly expresses the opinion that epilepsy ‘ does 
not depend upon one uniform and invariable histological change, 
but that the symptoms which constitute the disease may in all pro- 
bability be caused by various anatomical alterations, i)rovided that 
they take ])lace in parts of the pons and medulla which arc mor- 
phologically and physiologically equivalent^.’ Just as a sensory 
nerve produces the sensation of pain under various stimuli, such as 
pressure, intlammation, infection with the ])oison of malaria, etc., 
so various stimuli might cause the nervous centres concerned to 
develope the convulsive attack which, together with its a fter-e fleets, 
w'c call epilepsy. In West])hars ease, such a stimulus would bo 
given by a powerful mechanical shock, in Brown-Secpiard’s experi- 
ments, by the ])enetration of microbes. 

Tlow^cver, (piitc apart from the (picstion of the validity of this 
suggestion, w^e can form no conception as to the means by wiiich 
an accpiircd morphological change in certain nerve-cells — a change 
which is not anatomical, and probably not even microsetojneal, but 
purely molecular in nature — can be possibly transferred to the 
germ-cells: for this ought to take ])lace in such a manner as to 
])roduce in their minute molecular structure a change which, after 
fertilization and development into a new^ individual, would lead to 
the reproduction of the same epile])togcnic molecular structure of 
the nervous elements in the grey centres of the pons and medulla 
oblongata as was accjuired by the parent. How is it possible for all 
this to happen? What substance could cause such a change in the 
resulting offspring after having been transferred to the egg or sperm- 
cell? Perhaps Darwin’s gemmules may he suggested; but each 
gemmule represents a cell, while here w'c have to do with molecules 
or groups of molecules. We must therefore assume the existence 
of a special gemmule for each group of molecules, and thus the 
innumerable gemmules of Darwin’s theory must be imagined as 
Increased by many millions. But if we suppose that the theory 

^ 1. c., p. 269. 
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of pan^onosis is right, and that the gemniules really circulate in 
tlu) body, acconi])anied hy other gcmniiiles from the diseased parts 
of the brain, and that some of these latter pass into the germ- 
cells of the individual, — 1o what strange results would the further 
pursuit of this idea lead ? What an incomprehensible number of 
gemmules must meet in a single sperm- or germ-cell, if each of 
them is to contain a representative of every molecule or group 
of molecules which has formed part of the body at each ju^riod of 
ontogeny. And ycd. such is the unavoidabh^ consecpiencc of the 
supposition that aeejuired molecular states of certain groups of cells 
can be transmitted to the oflspring. This sn])])Osition could only be 
rend(U‘ed int('lligiblc by some theory of prefornuilion} ^ such as Dar- 
win’s pangenesis; for the latter tlu'ory certainly belongs to this 
oat(\gory. We must assume that each single j^art of the body at 
(‘ach developmental stage is, from the lirst, represented in the germ- 
cell as distinct particles of matter, which will rc])roducc each part 
of tlie body at its nj)i)ropriatc stage as their turn for development 
arrives. 

.1 will only briefly indicate some of the inevitable cont.radictions 
in which we are involved by such a theory. One and the same 
])art of the body must be represented in the germ- or sperm-cell 
by many groups of gemmules, each grou]) coiTesi)onding to a 
dille.rent. stage of development ; for if eacdi ])art gives otf gem- 
mules, which ultimately re])roducc the part in the offspring, it is 
clear that s])ecial gemmules must be gdven off for each stage in 
the development of the part, in order to reproduce that identical 
stage. And Darwin (juite logically accepts this conclusion in his 
provisional hy]:othesis of ])angenesis. Ihit the ontogeny of each 
part is in reality continuous, and is not composed of distinct and 


^ It is generally known that tlie earlier j)hybiologista helicveil in what was called 
the ‘ evolutionary theory,’ or the ‘ theory of preforination.’ This assnines that the 
germ contains, in a minute form, the whole of the fully-developed animal. All the 
parts of the adult are preformed in the germ, and development only consists in the 
growth of these parts and their more iierfect arrangement. This theory was generally 
accepted until the middle of the last century, when Kaspar Friedrich Woltf brought 
forward the theory of ‘ epigenesis,’ which since that time has been the dominant one. 
This assumes that no special parts of tlie germ are preformations of certain parts of 
the fully-developed animal, and that these latter arise by a series of changes in the 
germ, wliich graflually gives rise to them. In modern times the theory of preform? - 
tion has been revived in a less crude form, as is shown by the ideas of Niigcli, and 
by Darwin’s * pangenesis.’ — A. W., 1888. 
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separate stages. We imagine these stages as existing in the con- 
tinuous course of ontogeny; for here, as in all departments of 
nature, we make artificial divisions in order to render possible a 
general conception, and to gain fixed points in the continuous 
changes of form which have in reality occurred, .lust as we dis- 
tinguish a sequence of species in the course of phylogeny, although 
only a gradual transition, not traversed by shai*]) lines of demar- 
cation, lias taken place, so also we speak of the stag-cs of ontogeny, 
altHough we can never jioint out where any stage ends and another 
begins. To imagine that each singde stage of a pai*t is present 
in the germ, as a distinct group of gemmulos, seems to me to be a 
childish idea, conijiarable to the belief that the skull of the young 
St. Laurence exists at Madrid, while the adult skull is to bo found 
in Itomc. 

We are necessarily driven to such conceptions if we assume that 
the transmission of ac(|uircd characters takes ])lacc. A theory of 
preformation alone affords the possibility of an explanation : an 
e])igcnetic theory is utterly unable to render any assistance in 
reaching an interpretation. According to the latter theory, the 
germ does not contain any jircformed gem mules, but it possesses, 
as a whole, such a chemical and molecular constitution that 
under certain circumstances, a second stage is produced from 
it. Tor example, the two first segmentation spheres may be re- 
g’arded as such a second stage ; these again ])Ossess such a con- 
stitution that a certain third stage, and no other, can arise from 
them, forming the four first segmentation sjihcres. At each of 
these stages the s])heres produced are jieculiar to a distinct species 
and a distinct individual. Trom the tliird stage a fourth arises, 
and so on, until the embryo is developed, and still later the mature 
animal which can rejiroduce itself. No one of the ])arts of such 
an animal was originally present as distinct parts in the egg. 
from which it was developed, however minute we may imagine 
these parts to be. If now an inherited peculiarity shows itself in 
any organ of the mature animal, this will be the consequence of 
the preceding developmental stages, and if we were able to inves- 
tigate the molecular structure of all these stages as far back as 
the cgg-cell, we should trace back to the latter some minute 
diflerence of molecular constitution which would distinguish it 
from any other egg-cell of the same species, and was destined 
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to be the cause of the subsequent appearance of the peculiarity 
in the mature animal. It is only by the aid of some such hypo- 
thesis that we can conceive the cause of hereditary individual dif- 
ferences and the tendencies towards hereditary diseases. Hereditary 
epilepsy would be intellii^iblc in this way, that is, when the disease 
is congenital and not due to the presence of microbes, as is pre- 
sumably the case with artificially induced epilepsy. 

The question now arises as to whether we can conceive the 
communication of such traumatic and therefore accpiired epilepsy 
to the ^‘crm-cells. This is obviously impossible under the epi- 
genetic theory of devclo})ment described above. In what way 
can the germ -cel Is be affected by molecular or histological changes 
in the ])ons varolii and medulla oblongata ? Even if we assume, 
for the sake of argument, that the central nervous systcmi exercises 
trophic influences upon the germ -cel Is, and that such influences 
may consist of something more than variations in nutritive con- 
ditions, and may even include the power of altering the molecular 
constitution of the germ-plasm in spite of its usual stability ; even 
if we concede these suppositions, how is it conceivable that the 
changes produced would be of the exact nature and in the exact 
direction necessary in order to confer upon the germ-plasm the 
molecular structure of the first ontogenetic stage of an epileptic 
individual? How can the last ontogenetic stage of the ganglion 
cells in the pons and medulla of such an individual, stamp upon 
the germ-plasm in the germ-cells of the same animal — not indeed 
the peculiar structure of the stage itself — but such a molecular 
constitution as will ensure the ultimate appearance of e])ile])sy 
in the offspring? The theory of epigenesis does not admit that 
the parts of the full-grown individual are contained in the germ as 
preformed material particles, and therefore this theory cannot allow 
that anything is added to the gcrni-])lasm ; but in accejffing the 
above-made supjiosition, we are compelled to assume that the mole- 
cular structure of the whole of the germ -plasm is changed to a 
slight extent. 

Niigeli is quite right in maintaining that the solid protoplasm 
alone, as opposed to the fluid ])art, i. e. that part of the i)rotoplasni 
which has passed into solution, can act as the bearer of hereditary 
tendencies. This appears to be undoubtedly proved by the fact th5?:t 
the amount of material provided by the male parent for the de- 
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velopment of an embryo is in almost all animals far smaller than 
the amount provided by the female parent. 

In Mammalia the share contributed by ilie father ]n-obably only 
forms about one hundred-billionth part of that (contributed by the 
mother, and yet nevertheless the influence of tlie former in he- 
redity is on an average equal to that exerted by the latter^. Now, 
from the point of view of e])igencsis, no molecule of the brain of 
an epileptic animal can reach the i>*erm-cell exce])t in a state of 
solution, and therefore no direct increase in the <>*erm-])lasm can 
be referred to such molecules, (piite apart from the liict that such 
addition, even if possible, could not be of any value, because the 
last sta^e of the cpile])tic tendency must be represented in the 
nerve-cells and nerve-fibres of the diseased brain, while the first 
sta^c outfit to be represented in the i»‘erm-cell. 

It may be safely asserted that according to the theory of epii^enesis 
the ]f>’erm-eells cannot l)e intluenccd exce])t as re^'ards their nutri- 
tion. Nutritive chano’cs may be imai»-ined to occur throu«>‘h the 
varying trophic influence of the ruTvous system u])on the sexual 
organs, but the structure of the germ-j)lasm cannot be altered by 
mere nutritive changes, or at all events it cannot bo altered in 
that distinct and delinite direction which is re(|uired by the siq)- 
j)Ose(l transmission of ac([uircd epilepsy. 

Thus the transmission of artificially ])roduc(Hl epilepsy can neither 
be explained upon the epigenetic theory, nor upon the theory of 
preformation ; it can only be rendered intelligible if we su]q)Ose 
that the appearance of the disease in the olfspriiig depends upon 
the introduction and jm^sence of living germs, viz. of microbes. 
The supj)osed transmission of this artificially i)roduced disease is 
the only definite instance which has been hitherto brought forward 
in support of the transmission of ac([uired characters. T believe 
that 1 have shown that such sup])ort is deceptive, not because there 
is any uncertainty about the fact of the transmission itself, but 
because it is a transmission wdiich cannot depend upon heredity, 
and is in all i)robability due to infection. 

Ever since I began to doubt the transmission of acquired cha- 
racters, I have been unable to meet with a single instaiuie which 
could shake iny conviction. There were many instances in which 
hjereditary transmission was clearly established, but in none of them 
* Niigeli, 1. c. p. 1 lo. 
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was there any reason to suppose that the charaeters transmitted were 
really actpiired. For example, Fritz Muller has recently informed 
me of an instance in which he believes that there can be no doubt 
of the transmission of acquired characters. TTis observations are 
so interesting in several respects that I will quote them here. He 
says in his letter, ‘ Among the bastards of two species of Alutllon^ 
in which I had never observed hexamcrous llowers, inhere was 
a single plant with a few sucli blossoms. As these flowers arc 
sterile with the pollen of the same plant, I was obliged to fer- 
tilize it with pollen from another plant bearing only pentamerous 
flowers, in order to obfiiin seeds from the former. For three weeks 
T examincKl all the llowers from a plant grown from such seed, 
fijuling 145 pentamerous, 103 licxamerous, and 13 heptamerous 
llowers. 1 examined similarly the llowers of another ])lant ])ro- 
duced from seed obtained from pentamerous llowers from the same 
parent plants. There were 454 pentamerous and 6 hoxamcrous 
llowers, and hence only i’3 per cent, of the latter kind.’ 

It must certainly be admitted that the large proportion of ab- 
normal hexamcrous llowers depends upon hei'edity in the instance 
first (pioted ; but the hexamcrous condition is not an accpiired 
character ; it is merely the first appearance of a new innate 
character. It is not due to the reaction of the vegetable organism 
under some external stimulus, for it appeared in a plant ex[)osed to 
conditions similar to those which acted upon the other plant which 
only prodiKJcd the normal pentamerous llowers. It must therefore 
have resulted from the tendencies whicli \vcre present in the germ 
from which the plant itself developed, cither as a spontaneous 
change in the germ-jdasm or tliroiigli the combination of two 
parental germ-plasms — a combination which may lead to the 
appearance or the reality of a new character. We know that the 
germ-plasm of each individual is not a simple substance, but pos- 
sesses a very eon)2)lex composition, for it consists of a number of 
ancestral gerni-2)lasms represented in very dilfercnt i)roportions. 
Now, although we cannot learn anything directly about the 2)ro- 
cesscs of growth of the germ-idasm, and its resulting ontogenetic 
stages, yet we do know, chielly from observations uj^on man, that 
the characters of ancestors a232)ear in the ofls2)ring in very dillcrent 
combinations and in very dillerent degrees of strength. This may^ 
j)erha2>s, be ex2)lained by assuming that in the union of 2m*ental 
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germ-plasiRs which tahes place at fertilization, the contained an- 
cestral germ-plasms unite in difrerent ways, nnd thus come to grow 
with different strengths. Certain ancestral germ -plasms will meet 
and together produce a double effect : other o])posed germ -plasms 
will neutralize each other ; and between these two extremes all in- 
termediate conditions Avill occur. And these combinations will not 
only take place at fertilization, but also at every stage of the whole 
ontogenetic history, for each stage is represented by its idioplasm, 
wlfich is itself composed of ancestral idioplasms. 

We do not yet know enough to bo able to prove in detail 
the manner in which new characters may arise from such a com- 
bination of different kinds of g-erm-plasm. And yet it ap})enrs to 
me that such a view, e. g. in the case of the variation of buds, is by 
far the most natural. There is indeed a single exa,m])le in which 
wo can, to some extent, understand how it is that a lU'W character 
may arise by these means. Certain canary-birds have a tuft of 
featliers on the head, but if two such birds are paired, their 
descendants are generally bare-headed, instead of having larger 
tufts The formation of a tuft depends upon the fact that the 
feathers arc scanty and in fact absent from ])art of the skin of the 
head. Now when the scanty plumage of both parents is combined 
in the offspring the hitter is bare-headed. Hence by the com- 
bination of a ncestral cliaractcrs a new character (bare-headedness) is 
produced, and one which is hardly likely to luivc ever occurred in 
the ancestors of existing canaries. 

We do not know the causes which have been in operaiion when 
a flower possesses one ])etal more than the usual number, any more 
than we can explain why it is that one star-fish has live and 
another six rays. We cannot unravel the details of the mysterious 
relationship between two parent germ-])lasms, each of which is 
composed of a countless number of ancestral germ-jdasms from the 
first and second back to the ^^th degree, ilut we can neverthe- 
less maintain in a general way that such irregularities are the 
result of this comj)lex struggle between the germ-plasms in the 
ovum and the idioplasms in the subsequent stages of the de- 
veloping organism, and that they are not the result of external 
influences. 

^ See Darwin, ‘The Variation of Animals and Plants under Domestication.’ i875' 
Vol. I. j). 31 1 . 
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If, however, acquired characters are brought forward in con- 
nexion with the question of the transformation of species, the term 
‘ acquired ’ must only bo applied to those characters which do not 
arise from within the organism, but which arise as the reaction of 
the organism under some external stimulus, most commonly as the 
consequence of tlic increased or diminished use of an organ or part. 
We have then to learn whetlier the altered conditions of life, by 
forcing an organism to adopt new habits, can by such means lead 
directly, and not indirectly through natural selection, to the 
transformation of the species ; or whether the effects of increased 
or diminish(‘d use of certain jmrts^ iiii})licd by the new habits, are 
restricted to the inrlividual itself, and therefore powerless to effect 
any direct modification of the species. 

IVitz Mull(‘r’s observation is also interesting in another re- 
spect : it appears to controvert my views upon heredity as expressed 
in the theory of the continuity of the germ-jdasm. If a single 
llowcr can transmit to its descendants s])e(;ial ])eculiarities which 
were not possessed l)y its ancestors, we seem to bo driven to the 
conclusion that the ancestral germ-plasm has not j)a.ssod into the 
llowcr in ([uestion, but that new germ-plasm has been formed, 
inasmuch as the new iharacters are derived from the flower itself, 
and not from any of its ancestors. I think, liowcver, that the 
observation admits of another interpretation : a specimen of Abu- 
til oil with many hundred flowers is not a single individual, l)ut a 
colony consisting of numerous individuals which have arisen by 
budding from the first individual develo})ed from the seed. 

I have not hitherto considered budding in relation to my 
theories, l)nt it is obvious that it is to be explained from my point 
of view, by supposing that tlie germ-plasm which passes on into a 
budding individual consists not only of the unchanged idioplasm of 
the first ontogenetic stage (germ-plasm), but of this substance altered, 
so far as to correspond with the altered structure of the individual 
which arises from it — viz. the rootless shoot which springs from the 
stem or branches. The alteration must be very slight, and perhaps 
quite insignificant, for it is possible that the differences between the 
secondary shoots and the primary plant may chiefly depend upon 
the changed conditions of development, which takes place beneath 
the cai’th in fJie latter case, and in the tissues of the plant In 
the former. Thus we may imagine that the idioplasm, when it 



323 


^TN THE THEORY OF NATURAL vSKLKCTION. 

developes into a flowering’ shoot, produces at tlic same time the 
germ-cells which are found in the latter. AVe thus approach an 
understanding of Fritz Muller’s ohservation ; for if the whole shoot 
which produces the flower arises from the same idioplasm which 
also forms its germ-cells, we can retidily understand why t-hc latter 
should contain the same hereditary tendencies which were previously 
expressed in the flower whioh produced them. The fact that varia- 
tions may occur in a single shoot depends upon the changes 
explained above, which occur in the idio])lasm during the course 
of its growth, as a result of the varying, proportions in which the 
ancestral idioplasms may be contained in it. 

Fritz Muller’s observation affords a beautiful confirmation of 
this view, for if the flower itself transmitted the hexamerous 
condition to its germ-cells, we could not understand why some of 
the extremely rare hexamerous flowers were produced by the cross- 
ing of two pentamerous flowers, in the control experiment. An 
ex])lanation of this fact can only be found in the assumption that 
the gerni-phism contained in the mot.her plant, during its growth 
and consecpicnt dist.ribution through all the branches of the colony, 
became arranged into a combination of idioplasms, which, whenever 
it predominated (as it did at certain places), necessarily led to the 
formation of hexamerous flowers. 1 will not consider here the 
question as to whether this combination is to be looked u])on as an 
instance of reversion, or whether it represents something new. Such 
a question is of no importance for our j)i-esent purj)Ose ; but the 
hexamerous flowers of the control experiment prove, in my opinion, 
that germ -plasm containing the rcipiisite combination was dis- 
tributed in the mother jdant and also existed, but in insuiricient 
amount, in shoots which did not ])roducc any hexamerous flowers. 


Appendix V. On the Origin of Parthenogenesis b 

The transformation of heterogeny into pure parthenogenesis has 
obviously been produced by other causes as well as by those mentioned 
in the main part of this paper. Other and (piite diflerent circum- 
stances have also had a share in its production. Pure parthenogenesis 
miy be produced without the intermediate condition of heterogeny. 


Appendix to page 290. 
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Thus, for example, tlie pure and exclusive parthenocfcnesis with 
which the larg-e Pliyllopod crustacean, is reproduced at most 
of its habitats, has not arisen from the loss of 'previously existent 
sexual generations, hut simply from the non-appearance of males, 
accompanied by the simultaneous ae(]uisltion of the power, on the 
part of the females, of producing* eggs which do not require 
fertilization. This is ])rovcd by the fact that males occur in certain 
scattered colonies of this sp(.‘cies, and sometinu's they are even 
present in considerable num])ors. But even if we were not aware 
of these ficts, the same conclusions might nevertheless have been 
drawn from the fact that Ajm^ ])roduces eggs of only one form 
— viz. resting eggs with hard shells. In every case in which pai' 
thcnogTiiesis has been first introduced in alternation with sexual 
repi'oduction, the resting eggs are produced by th(5 hittcu* genera- 
tions, while the ])arthogenci.ic generations ])roduce eggs with thin 
shells, in which the embryo devclopes and hatches very rapidly. 
In this way parthenogenesis leads to a rapid increase of the colony. 
In Apvi^ such increase in the nundjcr of individuals is gained in an 
entirely diilerent manner, viz. by the fact that all the animals 
become females, which ])roduce eggs at a very early age, and con- 
tinue producing them in increasing* fertility for the whole of their 
life. In this manner an enormous number of eggs collects at the 
bot.tom of the ])Ool inhabited by the colony, so that after it has 
dried up, in spite of loss from various destructive agencies, there 
will still remain a sulTicdency of eggs to re])roduce a numerous 
colony, as s(K)n as the pool has filled again. 

This form of parthcnogcnctic reproduction is especially well 
suited to the needs of s])ecies inhabiting small pools which entirely 
depend upon rain-fall, and which may disajipear at any time. In 
these cases the time during which the colony can live is often too 
short to permit the production of several generations even from 
rapidly developing summer-eggs. Under these circumstances the 
])Ool would often suddenly dry up before the series of parthcnogcnctic 
generations had been run through, and hence before the appear- 
ance of the sexual generation and resting eggs. In all such cases 
the colony would be exterminated. 

This consideration might lead us to think that Crustacea, such 
as the Daphnidae^ which dcvelopc by means of heterogeny, wodld 
hardly be aide to exist in small pools fdled by the rain ; but here 
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also nature has met the difficulty by another adaptation. As I 
have shown in a. previous paper the heterooeny of the species of 
Laphnidac which inhabit such pods is modided in sueli a manner, 
that only the first generation ])roduced from the vesting e^i^'S 
consists of purely parthenoo*cnetic females, while the sc’cond includes 
many sexual animals, so that restino* cg*^s are produced and laid, 
and the continuance of the colony is secured a few days after it has 
been first founded ; viz. after the appearnneo of the first i^-eneration. 

13 ut it is also certain that in the Bapfni 'ulac^ hetcrog*eny may 
pass into pure parthenoo-enosis l)y the non-aj)j)ea ranee of the sexual 
generations. This seems to have taken jdaeo in certain species of 
Bosmma and CJij/donis^ although perhaps only in those colonics of 
which the continuance is secured for the whole year ; viz. those 
which inhabit lakes, water-pi])es, or wells in whic'h the water 
cannot freeze. In certain insects also (e. g. /iV/rv// 7 c.v romc) pure 
parthenogenesis seems to l)e produced in a similar manner, by the 
non-ap2)earancc of males. 

But the utility which we may look upon as the cause of partheno- 
genesis is by no means so clear in all cases. Sometimes, especially 
in certain species of Ostracoda, its a])pearance secmis almost like a 
mere caprice of nature. In this group of the Crustacea, one species 
may be purely ])arthcnogenetic, while a second reproduces itself 
by the sexual method, and a third by an alternation of the two 
methods : and yet all these sj)ecies may be very closely allied and 
may frequently live in the same locality and a])parently with the 
same habit of life. Hut it must not be foigotten that it is only 
with the greatest difficulty that we can ac(]uire knowledge about 
the details of the life of these minute forms, and that where we can 
only recognize the a])pearance of identical conditions, there imiy bo 
highly iniportant differences in nutril.ion, habits, enemies and the 
means by which they arc resisted, and in the mode by which 
the prey is captured — circumstances which may ])lace two s])eeies 
living in the same locality upon an entirely difliu’cnt basis of 
existence. It is not merely probable that this is the case ; for the 
fact that certain species have modified their modes of reproduction 
is in itself a sufficient proof of the validity of the conclusions which 
have just been advanced. 

^ Weiamann, ‘ Naturgeschichte dcr l^aphiioidcn,’ Zeitaclirift f. wisa. Zool. XXIll. 
1879. 
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The fact that different methods of reproduction may obtain in 
different colonies of the same species, altboug*h with thoroughly 
identical habits, may depend upon differences in the external con- 
ditions (as in Jjomina and Cf/j/dorvn mentioned above), or upon the 
fact that; the transition from sexual to parthenogenetic reproduction 
is not effected with the same ease and rapidity in all the colonies 
of tlie same species. As long as males continue to make their 
appearance in a colony of sexual reproduction cannot wholly 
disap])ear. AH hough we are unable to ap])reciatt', with any degfee 
of certainty, the causes by which sex is determined, we may never- 
thel(‘ss confidcnf.ly mainfain that such determining influences may 
be different in tn o widely separated colonies. As soon, however, as 
parfhenogenesis becomes advantageous to the species, securing its 
existence mor(5 efiiciently than sexual rcproducf.ion, it will not only 
be the case that tln^ colonies which produce the fewest males will gain 
advantage, but within the limits of the colony itself, those females 
will gain an advjjntage which j)roduco egg-s that can develope without 
fertilization. When the males arc only present in small numbers, it 
must be very uncerf ain whether any given female will be fertilized : 
if iheix'fore the eggs of such a female required fertilization in order 
to dev(‘lope,it is clear that there would be great dang*er of entire failure 
in this nec('ssary condif.ion. Tn ofher words: — as soon as any females 
begin to ])roduce eggs which are capable of development without 
fertilization, from that very time a tendency towards the loss of 
sexual re])ro(luction springs into existence. It seems, however, that 
f,h(i power of producing eggs which can devel()[)e without fertiliza- 
tion is very widely distributed among the Arthropoda. 


Aiu'endix YT. W. K. Brooks’ Theory of Heredity b 

The only theory of heredity which, at any rate in one point, 
agrees with my own, was brought forward two years ago by W. K. 
Brooks of Baltimore b The point of agTcement lies in the fact that 
Brooks also looks u])on sexual reproduction as the means employed 
by nature in order to produce variation. The manner in which he 
supposes that the variability arises is, however, very different from 

^ Aj)j)eiulix to page -277. ^ 

Compare W. K. Brooks, ‘ Tlie Law of Heredity, a Study of the Cause of Variation 
and the Origin of living Organisms.’ Baltimore, 1883. 
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that sng'g'cstcd in my theory, and our fundamental conceptions are 
also widely divero'cnt. While I look upon the continuity of the 
germ-plasm as the foundation of my theory of lu'iedity, and there- 
fore believe that permanent hereditary variability (*an only have 
arisen through some direct change in the germ-])lasin cffecbMl by 
external influences, or following from the varied combinations which 
are due to the mixture of two individually distinct g(‘rm-plasms 
at each act of fertilization, Brooks, on the other hand, bases his 
theory upon the transmission of accpiircd charach'rs, and upon the 
idea which I have previously called * the cyclical development of 
the germ-plasm.’ 

Brooks’ f.heory of heredity is a modification of Darwin’s pan- 
genesis, for Brooks also assumes that minute gemmules are thrown 
off by each cell in the body of the higher organisms ; but such 
gemmules are not emitted always, and under all (irciimst.ances, 
but only when the cell is subjcct.cd to unaccustomed conditions. 
During the persisi-ence of the ordinary conditions to whiidi it is 
adapted, the cell continues to perform its s])(^(*iid functions as part 
of the body, but as soon as the conditions of life become unfavour- 
able and its functions arc disturbed, the cell ‘ throws off minute 
particles which are it s germs or gemmules.’ 

These gemmules may tlum pass into any part of the organism ; 
they may penedrate the ova in the ovary, or may ent.er into a bud, 
but the male germ-cells possess a sjieeial power of attracting them 
and of storing them u]) within themselves. 

According to rooks, variability arises as a conseipienco of the 
fact that each gemmule of the sperm-cell unites, during fertiliza- 
tion, with that part of ihc ovum which, in ihe course of develop- 
ment, is destined to become a cell corres|)Oiuling io that from 
which the gemmule has been derived. 

Now, when this cell dcvelo])es in the offspring, ii must, as a 
hybrid, have a tendency to vary. The ova themselves, as cells, 
are subject to the same laws ; and the cells of the organism will 
continue to vary until one of the variations is made use of by 
natural selection. As soon as this is the case, the organism 
becomes, faefOy adapted to its conditions ; and the j)roduction 
of gemmules ceases, and with it the manifestation of variability 
ftself, for the cells of the organism then derive the whole of their 
qualities from the egg, and being no longer hybrid, have no 
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tendency to vary. For the same reason the ova themselves will 
also cease to vary, and the favourable variation will be iransmitted 
from generation to generation in a stereotyped succession, until 
unfavourable conditions arise, and again lead to a fresh disposition 
to vary. 

In this way Erodes ^ attempts to mediate between Darwin and 
Lamarck, for he assumes, on the one hand, that external inlhiences 
render the body or one of its parts variable, while, on the other 
hand, the nature of the successful variations is determined ’^oy 
natural select.ion. There is, however, a diircrencc between the 
views of Erooks and Darwin, although not a fundamental difference. 
Darwin also holds tliat tke organism becomes variable by the opera- 
tion of external intluences, and he further assumes that changes 
aiMpiired in tiiis way can be communicated to the germ and trans- 
mitted to the offspring. Eut according to his hypothesis, eveuy 
part of the organism is continually throwing off gem mules which 
may be collected in the g(‘rm-cells of the animal, while, according 
to Erooks, this only takes place in those parts which are placed 
under unfav'ourable conditions or the function of which is in some 
way disturbed. In tliis maimer the ingenious author attempts to 
diminish the incredible number of gemniulos which, according to 
Darwin’s theory, must collect in the germ-cells. At the same time 
he endeavours to show that those parts must always vary which 
are no longer well adapted to the conditions of life. 

I am afraid, however, that Erooks is confounding two things 
Avhich are in reality very different, and which ought necessarily 
to be treated separately if we wish to arrive at correct conclusions : 
viz., the adaptation of a pa-rt of the body to the body itself, and 
its adaptation to external conditions. The first of these adapta- 
tions may exist witiiout the second. TTow can those parts become 
variable which arc badly adapted to the external conditions, but 
are nevertheless in complete harmony with the other parts of the 
body? If the conditions of life of the cells which constitute the 
part in (picstion must become unfavourable, in order that the 
gemmulcs which produce variation may be thrown off, it is obvious 
that such a result would not occur in the case mentioned above. 
Suppose, for example, that the spines of a hedgehog are not sufli- 
ciently long or sharply pointed to afford protection to the animal, 

1 1. c., p. 82. 
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how could such an unfavourable development afford the occasion 
for tlie throwing* off of gemmules, and a resulting variability 
of the spines, inasmuch as the epidermic tissue in wliich these 
structures arise, remains under eomplet(‘ly normal and favourable 
conditions, whatever length or sharpness tlie s})ines may attain? 
The conditions of tlie epidermis are not unfavourably affected 
because, as the result of short and blunt spines, the number oF 
hedgehogs is reduced to far below the average. Or consider the 
caSO of a brown caterpillar which would gain great advantage by 
becoming green ; what reason is there for believing that the cells 
of the skin are placed in unfavourable conditions, because, in 
consequence of the brown colour, far more caier])illars are detected 
by their enemies, than would have been the case if the colour 
were green? And the case is the same ivith all adaptaiions. 
Harmony betw(‘(‘n the parts of the organism is an essential con- 
dition for the existence of the individual. If it is wanting, the 
individual is doomed ; but such, harmony between any one part and 
all others, i. c. proper nutrition lor each part, and ado([uate per- 
formance of its proper function, can never Ix' disturbed by the 
fact that the part in ([uestiiou is insufliciently ada})ted to the outm* 
conditions of life. According to Darwin, all the cells of the body 
are continually throwing oil’ gemmules, and against* such an 
assumption no similar obji'ction can be raised. Jt can only be 
objected that the assumption has never been proved, and that it 
is extremely improbable. 

A furtluu* ess(!ntial difference between Darwin’s theory of 
paiigencsis and Brooks’ hypothesis lies in the fact that Brooks 
holds that the male and female germ-cells play a different part, 
and that they tend to become charged with gemmules in different 
degrees, the egg-cell containing a far smaller number than the 
s])erm-cell. According to Brooks the egg-cell is the conservative 
principle which brings about the permanent transmission of t.he 
true characters of the race or species, while he believes that the 
sperm-cell is the progressive principle which causes variation. 

The transformation of species is therefore belicnT-d to take place, 
for the most part, as folhnvs: — those parts which arc jdaced in 
unfavourable conditions by the o})eratiou of external influences, 
aftd which have varied, throw off gemmules which reach the 
sperm-cells, and the latter by fertilization further propagate the 
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variation. An increase of variation is produced because the gem- 
nudes which reach the egg through the sperm-cell may unite or con- 
jugate with parts of the former which are not the exact equivalents 
of the cells from which the gommulcs arose, but only very nearly 
related to them, llrooks calls this ‘hybridization,’ and he con- 
cludes that, just as hybrids arc more variable than pure species, so 
such hybridized cells are also more variable than other cells. 

The author has attempted to work out the details of his 
theory with great ingenuity, and as far as possible to support *iiis 
assumptions by facts. Moreover, it cannot be denied that there 
are certain facts which seem to indicate that the male germ-eell 
plays a diflereiit part from that taken l)y the female germ-cell in 
the formation of a new organism. 

hor exam])lc, it is well known that the offspring of a horse and 
an ass is different when the male parent is a horse from what it is 
when the male parent is an ass. A siallion and a female ass 
produce a hinny which is more like a horse, while a, male ass and 
a mare produce a mule which is said to be more like an ass^. I 
will refrain from considering here the opinion of several authors 
(Darwin, Klourens, and Beehstein) that the influence of the ass is 
stronger in both cases, only predominating to a less extent when 
the ass is the. female parent ; and I will for the sake of brevity 
accej)t Brooks’ o])iiiion that in these cases the influence of the 
lather is greater than that of the mother. Were this so in all 
cross-breeding ])etween different species and in all cases of normal 
fertilization, we should be compelled to conclude that the influ- 
ences of the male and female gcrm-j)lasms upon the offspring 

^ This sccius to 1)0 tlic general opinion (see the »inotati{)n from Huxley in Broohs’ 
‘Heredity,’ p. 127'j ; but I rather doubt whether there is such a constant difference 
between mules and hinnies. Furthermore, 1 cannot accept the opinion that mules 
always resemble the ass more than the horse. T have seen many mules which bore 
a much stronger likeness to the latter. T believe that it is at present imjjossible to 
decide whether there is a constant ditlerence between mules and hinnies, because the 
latter are very rarely seen, and because mules arc extremely variable. 1 attempted 
to decide the question last winter by a careful study of the Italian mules, but I 
could not come across a single hinny. These hybrids are very rarely produced, 
because it is believed that they are extremely obstinate and bad-tempered. I after- 
wards saw two true hinnies at Professor Kuhn’s Agricultural Institute at Halle. 
These hinnies by no means answered to the popular opinion, for they were quite 
tractable and good-tempered. They looked rather more like horses than assp, 
although they resembled the latter in size. In this case it was quite certain that 
one parent was a stallion and the other a female ass. — A. W. 1S89. 
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differ at any rate in streng'tli. But this is hy no means always 
the case, for even in horses the reverse may occur. Thus it is 
stated that certain female race-horses liave always transmitted 
their own peculiarities, while others allowed those of the stallion 
to preponderate. 

In the human species the influence of the mother preponderates 
(piite as often as that of the lather, althouo-h in many famili(?s most 
of the children may take after cither parent. There is nevertheless 
haiflly any large family in which all the children take after the 
same parent. If we now try to exidain the preponderating in- 
lliience of one parent hy the su])])osition of a greater strcngtli in 
herediiary power, without first inquiring after some deeper cause, 
I think the only conclusion warranted by the facts before us is 
that this power is rarely or never equal in both of the conjugating 
germ-cells, hut that even witliin the same sj)ecies, sometimes the 
male and sometimes the female is the stronger, and that the strength 
may even vary in the dill'erent offspring of the same individuals, 
as we so fre(|uently see in human families. The egg-cells of the 
same mother whicli ripen one after the other, and also the sperm- 
cells of the same father, must therefore present variations in the 
strength of their hereditary power. It is then hardly to be wondered 
at that the relative hereditary power of the germ-cells in dilfercnt 
species should vary, altliough we cannot as yet understand why 
this should be the case. 

It would not be very diflicult to render these facts intelligible 
in a general way by an appeal to physiological })rinciples. I^he 
quantity of germ-plasm (contained in a gcrm-ccll is very minute, 
and together with the idioplasms of the various ontogenetic 
stages to which it gives rise, it must be continually increased by 
assimilation during the development of the organism. If now this 
power of assimilation varied in intensity, a relativc^ly ra])id growth 
of the idioplasm derived from one of the parents would ensue, 
and with it the preponderance of the hereditary tendencies of 
the parent in question. Now, it is obvious that no two cells of 
the same kind are entirely identical, and hence there must be 
differences in their j)owers of assimilation. Thus the varying 
hereditary powers of the egg-cells produced from the same ovary 
become explicable, and still more easily the varying powers of the 
germ-cells produced in the ovaries or testes of different individuals 
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of the same species ; most easily of all the differences observable 
in this respect between the ^crm-cells of different species. 

Of course, this hereditary power is always relative, as may be 
easily proved by cross-breedings between different species and races. 
Thus when a fantail pig-con is crossed with a laugher, the characters 
of the former preponderate, but when crossed with a pouter the 
characters of the latter preponderate The facts afforded by cross- 
breeding between hybrids and one of the ])ure parent species, 
together with a consideration of the resulting degree of variability, 
seem to me to be even more unfavourable to* Brooks’ view. They 
appear to me to admit of an interpretation different from that 
brought forward by him ; and when he proceeds to make use of 
secondary sexual (diameters for the ])urpose of his theory, I believe 
that his inter])reiation of the facts can be easily controverted. It 
is hardly possible to conclude that variability is due to the male 
parent, because the males in many species of animals are more 
variable, or deviate fui'thcr from the original type, than the females. 
It is certainly true that in many species the male sex has taken 
the lead in processes of transformation, while the female sex has 
followed, ])ut there is no difficulty in finding a better exjdanation 
of the fact than that afforded by the assumption Mbat something 
within the animal comp(ds the male to lead and the female to follow 
in the evolution oi' new bre(;ds.’ Brooks has with great ing-onuity 
brought forward certain instances which cannot be explained with 
perfect confidence by Darwin’s theory of sexual selection, but this 
hardly justifies us in considering the theory to be generally in- 
suflicient, and in having recourse to a theory of heredity Avhich is 
as com])licat(‘d as it is improbable. Tlie whole idea of fdie passage 
of gemmules from the modified parts of the liody into the germ- 
cells is based upon the unproved assumption that acquired characters 
can be transmitted. The idea that the male germ-cell jilays a 
different part from that of the female, in the construction of the 
embryo, seems to me to be untenable, especially because it conflicts 
with the simple ol.)servation that upon the whole human children 
inherit quite as much from the father as from the mother. 


^ Darwin, ‘ Variation of Animals and Plants under Domestication,’ 1875 , tb 
p. 4E 
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PREFACE. 

The following- paper stands in close relation to a scries of short 
essays which I have published from time to time since the year 
i88j. The first of these treated of ‘The Duration of Life,’ and the 
last of ‘ The Significance of Sexual llejirocluction.’ The present 
essay is most intimately connected with that upon ‘ The Continuity 
of the Germ -plasm/ and has, in fact, grown out of the explanation 
of the meaning of polar bodies in the animal egg, brought forward 
in that essay. The explanation rested u])on a trustworthy and solid 
foundation, as I am now able to maintain with even greater con- 
fidence than at that time. It rested ujion the idea that in the egg- 
cell, a cell with a high degree of histological differentiation, two 
dilferent kinds of nuclear substance exert their inlluence, one after 
the other. But continued investigation has shown me that the 
explanation built upon this idea i.-; only correct in part, and that it 
does not exhaust the full meaning of the formation of polar bodies. 
In the present essay I hope to complete the explanation by the 
addition of essential elements, and I trust that, at the same time, 
I shall succeed in throwing new light upon the mysterious problems 
of sexual reproduction and parthenogenesis. 

It is obvious that this essay can only contain an attempt at an 
explanation, an hypothesis, and not a solution which is above 
criticism, like the results of mathematical calculation. But no 
biological theory of the present day can escape a similar fate, for 
the mathematical key which opens the door leading to the secrets of 
life has not yet been found, and a considerable jieriod of time must 
elapse before its discovery. But although I can only offer an hypo- 
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thesis, I hope to he able to show that it has not been rashly adopted, 
but that it has oTown in a natural manner from the secure founda- 
tion of ascertained facts. 

Nothing* imj)resscs the stamp of truth upon an hypothesis more 
than tlic fact tliat its liglit renders inte]ligil)le not only tliosc facts 
for the explanation of which it has l)cen framed, but also other 
and more distantly related groups of phenomena. This seems to 
rncr to bo tlie case with my ]iyj)othesis, since tlie interprefation^ of 
polar bodies and the ideas derived from it unite from very different 
jxiints of view, tlie facts of reproduction, heredity and even the 
transforniidion of spc'cies, into a compreluuisive system, which 
although by no means complete, is nevertheless harmonious, and 
th e re fo re sat i s factory . 

Only the most essential elements of the new facts which form 
the foundation of the views developed in this essay will be briefly 
mentioned. My object is to show all the theoretical bearings of 
these new facts, not to describe them in technical detail. Such 
a description accompanied by the necessary figures will shortly be 
given in another place h 

A. W. 

FuEiuriKi I. P.ii., ]\l(vf 30, 18S7. 

* Seo I^cricliten <lcr N atiirforscliendoii Gesellscliaft zn Freiburg i. B., Band III. 
(18S7) I left I, ‘ Ueber die Bildimg der Richluiigskorj)ar bei tliierisclieii Eicrii,’ by 
A iigust ^VoismallI^ and (k Tscliikawa. 
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ON THE NUMBER OF POLAR BODIES AND THEIR 
SIGNIFICANCE IN HEREDITY. 

I. Pakthenogenetic and Sexual Egg. 

Hitherto no value hns been attached to the (juestion whctlier an 
animal egg produces one or two polar bodies. Several obst^rvers 
have found two such bodies in many different groups of animals, 
both high and low in the scale of organization. In certain species 
only one has been observed, in others again three, four, or five (e. g. 
Bischoff, in the rabbit). Many observers did not even record the 
number of polar bodies found by them, and simply spoke of ‘ polar 
bodies.’ As long as their formation was looked upon as a process 
of secondary physiological importance— as an ‘excretion,’ or a 
‘ process of purification,’ or even as the ‘ excreta’ (!) of the egg, as 
a ‘rejuvenescence of the nucleus,’ or of mere historical interest 
as a reminiscence of ancestral processes, without any present 
physiological meaning — so long was it unnecessary to attach any 
importance to the number of these bodies, or to pay special atten- 
tion to them. Of all the' above-mentioned views, the one which 
explained polar bodies as a mere reminiscence of ancestral processes 
seemed to be especially well founded. Ten years ago we were far 
from being able to prove that polar bodies occurred in all animal 
eggs, and even in 1880, Balfour said in his excellent ‘ Com2)arativc 
Embryology,’ ‘ It is very ])Ossible, not to say probable, that such 
changes [the formation of polar bodies] are universal in the animal 
kingdom, but the present state of our knowledge docs not justify 
us in saying sob’ 

Even at the present day we are not, strictly speaking, justified in 
making this assertion, for polar bodies have not yet been proved to 
occur in certain groups of animals, such as reptiles and birds ; but 
they have been detected in the great majority of the largo groups 
ot* the animal kingdom, and wherever they have been looked for 

' Vol. 1 . j). 60. 

z % 
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with the aid of our modern hig'hly efilcient appliances, they have 
been found 

A deeper insight into the process of fertilization has above all 
led to a closer study of antecedent phenomena. 

O. Hertwig^ and Fob‘^ showed that the ibrination of polar bodies 
was connected with a division of the nuclear substance of the egg. 
Ilertwig and Ibitschli'^ then proved that tlic body exj)elled from 
the egg possessed the nature of a cell, and thus led i.hc way to the 
view that the formation of polar bodies is a process of cell-division, 
although a very unc(jual one. Even tlicn there was no reason for 
attaching any special importance to the number of ihese bodies ; 
nor should \vc have such a reason if we agreed with Minot Bal- 
four and van Jleneden in ascribing a liigh pliysiologieal signifi- 
cance to this process, and assumed tliat the expelled polar body 
is the male part of the previously hermaphrodite egg-cell. We 
should not know in what proportion the (piantities of the ‘ male ’ 
and ‘ female ’ j^^i^’ts were present, and it would therefore be im])Ossibl(i 
to decide, a priori^ whetlier the ‘ male ’ part had to be removed 
from the body of the egg-cell in one, two, or more portions. 

hlven after the view that the nuclear substanee is the essential 
clement in fertilization had gained ground — a view eh icily due to 
Strasburger’s investigations on the j)rocess of fertilization in Pha- 
nerogams — and after Ilertwig’s opinion had been confirmed, that 
the process of lertilization is essentially the conjugation of nuclei, 
even then there a])peared to be no reason why the number of 
divisions undergone by the nucleus of the mature egg should be 
looked upon as an essential feature. 

* The most recent examjile of this kind is aftorded by tlie excellent work of 
0 . Schultze, ‘ Ueber die Keifung und Befruchtiing dcs Ani])hibieneies,’ Zeitschr. f. 
wiss. Zool., Hd. XLV. 1887, Sclinltze has proved that two ])olar bodies are expelled 
from tlic egg of tlie Axolotl and of tlie frog, .altliough all previous observers, including 
O. Hertvvig, had been unable to find them. Thus the latter authority states as the 
result of an investigation s})ecially directed towards this point, that the nucleus is 
transformed in a peculiar manner (‘ Hefruchtung dcs thicrischen Eies/ III. p. 81). 

■ 0 . Ilertwig, ‘ Beitriige zur Kenntniss der Bildiing, Befruehtiiiig, und Theilung 
des thierischen Eies,’ Morpholog. Jahrbuch, I, JT, and III. i‘'^ 75 “ 77 * 

^ ir. Eol, ‘ Kecherches sur la fec(»ndation et le commencement de I’lienogenie chez 
divers aniinaux.’ Genhvc, Bale, Lyon, 1879. 

Biitschli, ‘ Entwicklungsgesehiehtliche Beitriige/ Zeitschr. f. wiss. Zool. Bd. 
XXIX. p. 237. 1877. 

* C. S. Minot, ‘ xVccount, etc.’ Proceedings Boston Sue. Xat. Hist., \'ol. xix. p. 165. 
J877. 

F. M. Balfour, ‘Comparative Embryology.’ 
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This was the state of the subject at the time when I first made 
an attom])t to ascertain the meanins;- of the formation of polar 
bodies. I based my views u])on the idea, whicli was just then 
gaining ground, that Niigeli’s idioplasm was to be sought for in 
the nucleus, and tliat tlic nucleo])lasm must theridbro contain the 
substance which deti'rminos the form and functions of the cell. 
Hence it followed that the gcrm-jilasm — the substance which de- 
termines the course of embryonic dev^clo[)ment — must, be identified 
with the nucleoplasm of the egg'-cell. The conception of germ- 
plasm was brought forward by me before the appearance of Nligcli’s 
work^ which is so rich in fertile ideas; and germ-plasm does not 
exactly coincide with Niio'clfs idioplasm^. (Jerm-jdasm is only 
a certain kind of idio|)lasm — viz. that contained in tlie gcrm-ccll — 
and it is the most im])ortnnt of all idiojilasms, because all the other 
kinds are merely the results of the various ontogenetic? stages into 
which it dcvelo])es. I attem])ted to show that the molecular 
structure in these ontogenetic stages into wliich the germ-plasm 
develojics would become more and more unlike that of the original 
structure of this substance, until it finally attains a highly 
specialized character at tin? end of embryonic (levelo])ment, corre- 
sponding to tlio production of specialized histologieal elements. 
It did not seem to me to be conceivable that the specialized idio- 
plasm contained in the nuclei of the tissue cells could re-transform 
itself into the initial stugc of the whole dcvclojnnental scries — 
that it could give* up il,s s])ecialized character and re-assume t-he 
generalized character of germ -substance. 1 Avill not r(?peat i.he 
reasons which induced me to adopt this ojnnion ; they still seem fo 
me to be conclusive. Ihit let the above-mentioned theory be once 
acce])tod, and there follows from it another interesting conclusion 
concerning the germ-cell, or at least concerning those gcrm-cclls 
which, like most animal eggs, possers a specific histological cha- 
racter. I^or obviously, such a charaC prcsup])oscs the existence 
of an idioplasm with a considerable degree of histological special- 
ization, which must be contained in the nucleus of the egg-cell. 
We know, on the other hand, that when its growth is complete, 
after the formation of yolk and membranes, the egg contains 

NHgeli, ^Meclianisch'physiologische Theorie tier Abstainmungslelire,’ MtiiicLen 
und Leipzig, 1 884. 

^ See the second and fourth Essays in the present volume. 
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germ -pi asm, for it is capable of developing into an embryo. We 
have therefore, as it were, two natures in a single cell, which 
become manifest one after the other, and which, according to our 
fundamental conception, ca i only be explained by the presence of 
two different idioplasms, which control the egg-cell one after the 
other, and determine its processes of development. At first a 
nucleoplasm leading to histological specialization directs the de- 
velopment of the egg and stamps upon it a specific histological 
character; and then gerrn-plasm takes its place, a:.d compels the 
egg to undergo development into an embryo. If then the histo- 
gi nctic or ovogenetic nucleoplasm of the egg-cell can be derived 
from the germ -plasm, but cannot be re-trans formed into it (for the 
specialized can be derived from the generalized, but not the 
generalized from the specialized), we are driven to the conclusion 
that the germ-plasm, which is already present in the youngest 
egg-cell, first of all originates a specific histogenctic or ovogenetic 
nucleoplasm which controls the egg-cell up to the point at which 
it becomes mature ; that its place is then taken by the rest of the 
unchanged nucleoplasm (germ-plasm), which has in the meantime 
increased by growth; and that the former is removed from the 
egg in the form of polar bodies— -a removal which has been ren- 
dered possible by the occurrence of nuclear division. Hence the 
formation of polar bodies signified, in my opinion, the removal of 
the ovogenetic j)art of the nucleus from the mature egg-cell. Such 
removal was absolutely neccssjiry, if it is impossible that the ovo- 
genetic nucleoplasm can be re-transformed into germ-plasm. Hence 
the former substance cannot be made use of after the maturation 
of the egg, and it must even be opposed to the commencement of 
embryonic development, for it is impossible that the egg can be 
controlled by two forces of different kinds in the same manner as 
it would have been by one of them alone. I therefore concluded 
that the influence of the ovogenetic idioplasm must be removed 
before embryonic development can take place. In this way it 
seemed to me that not only the ordinary cases of ovogenetic and em- 
bryonic development became more easily intelligible, but also the 
rarer cases in which one and the same species produces two kinds 
of eggs — ‘ summer and winter eggs.* Such eggs not only differ 
in size but also in the structure of yolk and membranes, although 
identical animals are developed from each of them. This result pre- 
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supposes that the nucleus in both contains identical germ- 

plasm, while the formation of different j-olks and merabixines re- 
quires the supposition that their nucleoplasm is diflerent^ inasmuch 
as the two eggs differ greatly in histological character. 

The fact that equal quantities are separated during nuclear 
division, led me to conclude further that tlie expulsion of ovogenotic 
nucleoplasm can only take place when the germ -plasm in the 
nucleus of the egg-cell has increased by growth up to a point at 
which it can successfully oppose the ovogenetic nuclear substance. 
But we do not know the proportion which must obtain between the 
relative quantities of two different nuclear substances in order that 
nuclear division may be induced ; and thus, by this hypothesis at 
least, we could not conclude wdth certainty as to the necessity for 
a single or a double division of the egg. Jt did not seem to be 
altogether inconceivable that the ovogenetic niudeoplasm niig-ht bo 
larger in amount than the germ-])lasm, and that it could only be 
completely removed by means of two successive nuclear divisions. 
I admit that this supposition caused me some unc'asiness ; but since 
nothing was known which could have enabled us to penetraf e more 
deeply into the problem, I was satisfied, for the time being, in 
having found any explanation of the physiological value of polar 
bodies ; leaving the future to decide not only whether such explana- 
tion were valid, but also whether it were exhaustive. The exjdana- 
tion seems to have found but little favour with some of our 
highest authorities. ITcnsen ^ does not consider that my reasons for 
the distinction between germ-plasm and liistogcnctic nucleoplasm 
are conclusive, and it may be conceded that this objection was 
perhaps, at that time, well founded. O. Ilortwig does not mention 
my hypothesis at all in his work on embryology ^ although he 
states in the preface: ^ Among current problems I have chiefly 
taken into consideration the views which seem to me to be most 
completely justified, but I have not left unmentioned the views 
which I cannot accept.’ Minot’s hypothesis is discussed by Ilert- 
wig, but Butschli’s*^ is preferred by him, although these two 

^ Ilensen, ‘ Die Grundlagen der Vererbung,’ Zeitschr. f. wisa. Landwirthsebaft. 
Berlin, 1885, p. 749. 

0 . Hertwig, ‘ Lehrbuch der Entwicklungsgeschichte dcs Mcnschen und der Wir- 
b^lthiere.’ Jena, 1886. 

® Biitschli, * Gedanken iiber die morpbologische Bedeutung der sog. Richtungskdr- 
perchen,* Biol. Cciitralblatt, Bd. VI. p. 5. 1884. 
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hypotliGsos arc not strictly opposed to eacli otlicr ; for the former 
is a purely physiological, the latter a purely morphological ex- 
planation. 1 desire to lay especial stress upon the fact that my 
hypothesis is simply a logical consequence from the conclusion that 
the nuclear substance determines the nature of a cell. How this 
takes place is quite anotlier question, which need not . he discussed 
here. If it is only ceriain that the nature of a cell is thus deter- 
mined, it follows that a cell with a certain degree of histological 
specialization must contain a nucleoplasm corresponding to the 
specialization. Ihit the mature egg also contains germ -plasm, and 
there are only two possibilities by which these facts can be 
explained : either the ovogcnctic nucleojdasm is capable of re- 
transfornuition into germ-])lasm, or it is incapable of such re-trans- 
forination. Now, quite apart from the arguments which might be 
advanced in favour of one of these two possibilities, the fact that 
a body is undoubtedly expelled from the mature egg seems to me 
of importance, while it is of even greater importance that this body 
contains nucleojdasm from the germ-cell. 

It may be thought that the process, as supposed by me, is 
without analogy, but such a conclusion is wrong, for during every 
embryonic development tlu're are numerous cell-divisions in which 
unequal nucleojdasms are se])arated from one another, and in all 
these cases we cannot imagine any way in which the ]:).roccss can 
take place, except by supposing that the two kinds of nucleoplasm 
were ])rcviously united in tlie mother-cell, although their differ- 
entiation probably took place only a short time before (!ell-di vision. 
Perhaps the new facts which will be mentioned presently, and the 
views derived from them, will make my hypothesis upon the histo- 
genetic nucleoplasm of the germ-eells appear in a more favourable 
light to the authorities above-named. 

My hypothesis has at all events the one merit that it has led 
me to fruitful investigations. 

If the formation of polar bodies really means the removal of ovo- 
genctic nucleoplasm from the mature egg, they must also be found 
in parthenogenetic eggs ; inasmuch as the latter possess a specific 
histological structure equal to that found in eggs requiring fertiliza- 
tion. If, therefore, it were possible to observe the formation of polar 
bodies in eggs which developeparthenogenetically, such an observ?,- 
tion would not form a proof of the validity of my interpretation ; but 
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it would be a fact wliicb harmonized with it, and negatived a 
siig’^estion which, if confirmed, would have been fatal to the hypo- 
thesis. Minot, Balfour, and van Bencden, from the point of view 
afforded by their theories, were compelled to sup])osc that polar 
bodies are wanting’ in parthenogenetic eggs ; and the facts wliich 
were known at that time favoured such an opinion, for in s})ite 
of many attempts, no one had ever succeeded in proving the 
formation of these bodies by parthenogenetic eggs. 

•During the summer of 1885 1 first succeeded in ascertaining 
that a single polar body is ex])elled from the parthenogenetic 
summer-egg of one of the DapJnudae , — Poh/phnnifx Thus 

my interpretation of the ])roeess in question received support, while 
it seemed to me that Minot’s intcr]u*etation of ])olar bodies had 
been refuted ; for if these bodies are formed in tlie parthenogenetic 
eggs of a single s])ocies, just as in eggs which nHjuire fertilization, 
it follows that the ex])ulsion of ])olar bodies cannot signify the 
removal of the male clcmcuit from the egg. 

The desire to throw lig’ht upon the significance of polar ])0(li('s 
has been the only cause of my investigation. At the same time 
1 ho])ed by this means to gain further knowledge as l-o the natiiro 
of parthenogenesis. 

In the third part of the essay on ‘The Continuity of the Cicrm- 
plasm’ (see ]). 225) I attempted to make clear i.he nature of 
parthenogenesis, and I arrived at the conclusion that the difference 
between an egg which is (‘apahle of develo])ing without fertilization, 
and another which re((uires fertilization, musf, licj^n the quantity 
of nucleoplasm present in the eg’g. J su[)j)osed that the nucleus of 
the mature parthenogeneiic egg contained nearly twice as nuuh 
germ-})lasm as that contained in tiie sexual egg, just before the 
occurrence of fertilization ; or, more correctly, 1 believed that tlui 
quantity of nucleoplasm which remains in the egg, after the ex- 
pulsion of the polar bodies, is the same in Ijoth eggs, but that th(^ 
parthenogenetic egg possesses the power of doubling this (piantity 
by growth, and thus produces from within itself the same quantity 
of gcrm-])lasm as that contained in the sexual egg Jifter the 
addition of the sperm-nucleus in fertilization. 

This was only an hyj)othcsis, and the consideraiaons which had led 

* ' This observeation was first published a.s a note at the end of the fourth Essay in 
the present volume. See p. 249. 
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to it depended, as far as they went into details, upon assumptions ; 
but the fundamental view that the quantity of the nucleus decides 
whether embryonic development takes place with or without fer- 
tilization seemed to me, even at that time, to be correct, and to be 
a conclusion required by the facts of the case. Indeed, I thought 
it not unlikely that its validity might l)e proved by direct means : 
I pointed out that a comparison of the quantities of the nuclei in 
parthcnogenetic and sexual eggs, if possible in the same species, 
would enable us to decide the question (/. c,^ p. ^^34). 

I had thus set myself the task of making this comparison. The 
result of this investigation wjis to show that, as already mentioned, 
polar bodies are formed in parthenogenetic eggs. Ilut even the 
first species successfully investigated revealed a further fact, which, 
if proved to be wide-spread and characteristic of all ])artheno- 
genctic eggs, was certain to be of extreme importance : — the matura- 
tion of the parthenogenetic egg is accompanied by the expulsion of 
one polar body, or, as we might express it in another way, the 
substance of the female pronucleus is only once divided, and not 
twiee^ as in the sexual eggs of so many other animals. If this 
difference between parthenogenetic and sexual eggs was shown to 
be general, then the foundations of my hypothesis would indeed 
have been proved to be sound. The quantity of nuclear substance 
decides whether the egg is capable of undergoing embryonic 
develo])mcnt. This quantity is twice as large in the partheno- 
genetic as in the sexual egg. I had, however, been mistaken in 
a matter of detail ; for the difference in the quantities of nuclear 
substance is not produced by the expulsion of two polar bodies, and 
the reduction of the nuclear substance to a quarter of its original 
amount, in both eggs, while the parthenogenetic egg then doubles 
its nuclear substance by growth; but the difference is produced 
because the reduction of nuclear substance originally present is less 
in one case than it is in the other. In the parthenogenetic egg 
the nuclear substance is only reduced to one-half by a single 
division ; in the sexual egg it is reduced to a quarter by two 
successive divisions. It is an obvious conclusion from this fact, if 
proved to be wide-spread, that the significance of the first polar 
body must be difierent from that of the second. Only one polar 
body can signify the removal of ovogenetic nucleoplasm from the 
mature egg, and the second is obviously a reduction of the germ- 
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plasm itself to half of its original amount. This very point seemed 
to me to be of great importance, because, as I had foreseen long 
ago, and as will be shown later on, the tlieory of heredity forces us 
to suppose that every fertilization must be prcccch'd by a reduction 
of the ancestral idioplasms present in the nucleus of the parent 
germ-cell, to one-half of their former number. 

But before the full bearing of the phenomena could be considered, 
it was necessary to ascertain how far tliey were of general occur- 
rence. ^rhere were two ways in which this might bo achieved, and 
in which it was possible to prove that parthcnogenetic eggs expel 
only one polar body, while sexual eggs expel two. We might 
attempt to observe the phenomena of maturation in both kinds of 
eggs in a species which reproduces itself by the parthcnogenetic 
as well as the sexual method. This would bo the simplest way in 
which the question could be decided, if it were possible to make 
such observations on a sufficient number of species. But the other 
method was also open, a method which would have been the only 
one, if we did not know of any animals with two kinds of repro- 
duction. Wc might attempt to investigate the phenomena of 
maturation in a largo number of parthcnogenetic eggs, if possible 
from different groups of animals, and we might compare the results 
with the facts which are already certain concerning the expul- 
sion of polar bodies from the sexual eggs of so many species. 

I have followed both methods, and by means of the second 
I have arrived already, indeed some time ago, at the certain con- 
clusion that the above-mentioned dilferenee is really general and 
without exception. The first polar body only is formed in all the 
parthenogenetie eggs which T investigated, with the valuable 
assistance of my pupil, Mr. Ischikawa of Tokio. On the other 
hand, an extensive examination of tho literature of the subject 
convinced me that there is not a single undoubted instance of the 
expulsion of only one i)olar body from eggs which require fertiliza- 
tion, and that there are very numerous cases known from almost all 
groups of the animal kingdom in which it is perfectly certain that 
two polar bodies are formed, one after tho other. A number of the 
older observations cannot be relied upon, for the presence of two 
polar bodies is mentioned without any explanation as to whether 
Irtiey are expelled from the egg one after the other, or whether 
they have merely resulted from the division of a single body after 
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its expulsion. In parthcnogenetic eggs two polar bodies are also 
formed in most eases, but they arise from the subsecpient division 
of the single body which separates from the egg. But such sub- 
sequent division is only of secondary importance as far as the egg 
itself is concerned, and is also unimportant in the interpretation of 
the process. The essential nature of the process is to be found in 
the fact that the nucleus of the egg-cell only divides once when 
parthenogenesis occurs, but twice when fertilization is necessary, and 
it is of no imj)ortanco whether tlie expelled part of the nucleui? of 
the cell -body atrojdiics at once, or after it has undergone division. 
We have, therefore, to distinguish between primary and secondary 
polar bodies. If this distinction is recognized, and if we leave out 
of consideration all doubtful cases mentioned in literature, such a 
large number of well - established observations remain, that the 
existence of two primary ])olar bodies in sexual eggs, and neither 
a, smaller nor a larger number, may be considered as proved. 

Hence follows a conclusion which I believe to be very significant, 
— the difference between jiarthenogenetic and sexual eggs lies in 
the fact ihat in the former only one primary polar body is ex- 
lielled, while two arc ex}»elle(l from the latter. When, in July, 
j 8(S6, I p\iblished a short note ^ on ])art of the observations made 
upon ])arthenogen('tic (\ggs, I confined myself to facts, and did not 
nu'ntion this conclusion. I look this course simply because I did 
not nisli to bring it forward until I had made sufficient observa- 
iions in the first of the two ways described above. T had hoped 
io be able to offer all the ])roofs that can be obtaim'd before 
undertaking to publish the far-reaching consequences which would 
result from the above-menfioned conclusion. Tin fortunately the 
material with which 1 had hoped to (piickly settle ihe matter, 
proved less favourable than 1 had expected. Many hundred 
sections through freshly laid wintcr-eg*gs of Ij^Hiof/rcpJ/es lonf/i- 
wan us were made in vain ; they did not yield the wished for 
evidence, and although continued investigation of other material 
has led to better results, the ju-oofs are not yet entirely com- 
plete. 

I should not i.hereforc even now have brought forward the above- 
mentioned conclusion, if another observer had not alluded to this 

^ Weismann, ‘ Kichtuiigskorper bei partheiiogenetischcn Eieren,’ Zool. Anzeiger, 
iSS6, p. 570. 
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idea, referring to my observations and also to a new discovery of 
his own. In a recent number of the ‘ Tliologiselie Centralblatt,’ 
-Bloclimann^ gives an account of his continued observations upon 
the formation of polar bodies. It is well hnown tliat Ihis careful 
observer had previously sliown that polar bodies do occur in the 
eggs of insects, although they had not been found b(4V)re. Blocli- 
mann proved that they arc found in the representatives of three 
dilferent orders, so that we may indeed ‘ confidently hojie to find 
corresponding ])henomena in other insects.’ This discovery is 
most important, and it was naturally very welcome to me, as I 
had for a long time ascribed a liigh physiological im])ortance 
to the process of the formation of polar bodies, and it would not 
be in accordance with such a view if the process was entirely 
wanting from whole classes of animals, ^fo lill up this ga]) in 
our knowledge, and to giv^e the retpiired support to my tlieoi’etieal 
viewS; I had proposed to one of my pupils, Dr. Stuhlmann^, that 
he should work out the maturation of the eggs of* insects ; and it 
is a curious ill-luck that he, like many other observers, did not 
succeed in observing the expected expulsion of polar bodies, in 
spite of the givat trouble he had taken. It may be that the 
species selected for investigation were unfavourable : at all events, 
we cannot now doubt that a division of the egg-nucleus is 
(piite universal among insects, for Jllochmann, in his latest con- 
tribution to the subject, proves that the A/jhidac also form polar 
bodies. lie examined the winter-eg\gs of ApluH accrus, and as- 
certained that they form two polar bodies, one after the other. 
Even in the viviparous Aphldae^ thin sections revealed the presence 
of a polar body, though Bloch mann could not trace all the stages 
of its development. It appears that the polar body is here pre- 
served for an exceptional ])eriod, and its presence can still be 
proved when the blastoderm has been formed, and sometimes 
when development is even further advanced. Skilled observers of 
recent times, such as Will and Witlac/dl, have not been able to 
find a polar body in the parthenogenetic eggs of the AphidaCj and 


* Hlochmann, ‘ Uclior die Kichtuu^skorper bei dcu Tiisekteneicm,’ Hiolog. Oen- 
tralblatt., April 15, 1887. 

• ^ F. Stuhlmaim, ‘ Die Heifimg’ des ArthropodeiieieH uacli Bcobaclituiigcn an 
Tiisekten, Spinnen, Myriapoden und Feripatus,’ Hericlite der uaturfuracbcuden 
Geaellscbaft zu Freiburg i. Hr., Hd. I. p. 101. 
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Blochmann’s proof of its existence seems to me to be of especial 
value, because the eggs of Aphid ae are in many respects so unusually 
reduced ; for instance, the i)rimary yolk is absent and the egg- 
membrane is completely deficient, so that we might have expected 
that if polar bodies are ever absent, they would be wanting in these 
animals — that is, if they were of no importance, or at any rate of 
only secondary importance. 

Hence the presence of polar bodies in Aphidae is a fresh con- 
firmation of their great physiological importance. As bearing 
upon the main question dealt with in this essay, Blochmann’s 
observations have an especial interest, because only one polar body 
was found in the parthenogenetic eggs of Aphu^ while the sexual 
eggs normally produce two. The author rightly states that this 
result is in striking accordance with my results obtained from the 
summer-eggs of different Daphnidae^ and he adds the remark, — ‘ It 
would be of great interest to know whether these facts are due to 
the operation of some general law.* To this remark I can now 
reply that there is indeed such a law : not only in the parthenogenetic 
eggs of Bap/inidae^ but also, as I have since found, in those of 
the Ostracoda and Ilotifera^ only one primary polar body is 
formed, while two are formed in all eggs destined for fertilization. 

Before proceeding to the conclusions which follow from this 
fact, T will at once remove a difficulty which is a])parently pre- 
sented by the eggs which may develope with or without fertiliza- 
tion. 1 refer to the well-known case of the eggs of bees. It might 
be objected to my theory that the same egg cannot be prei)ared 
for development in more than one out of the two ])ossible ways ; 
it might be argued that the egg either possesses the power of 
entering upon two successive nuclear divisions during matm-ation, 

^ 111 tlie siimincr-o^gs of llotifera I have, together with Mr. Ischikawa, observed 
one polar body, and we were able to establish for certain that a second is not formed. 
The nuclear spindle had already been observed by Tessin, and Billet had noticed 
polar bodies in l^hilodina, but without attaching any importance to their number. 
These latter observations were not conclusive proofs of the formation of polar bodies 
in parthenogenetic eggs, so long as it was not known whether the summer-eggs of 
Botifera may develope parthenogenetically, or whether they can only develope in 
this way. Knowing now that parthenogenetic eggs expel only one polar body, we 
may perhaps be permitted to draw the conclusion that the summer-egg of a Rotifer 
{Lacimilaria) which expelled only one polar body must have been a pailhenogenetiT 
egg. But I may add that we have also succeeded in directly proving the occuirence 
of parthenogenesis in Botifera, as will be described in detail in another paper. 
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and in this case requires fertilization ; or the eg*g* may be of such a 
nature that it can only enter upon one such division and can 
therefore form only one polar body, and in that case it is capable of 
parthenogcnetic development. Now there is no doubt, as I ])ointed 
out in my paper on the nature of parthenoc^cnesis \ that in the bee 
the very same c.£>*g“ may dcvclope parthcnoi^enctically, which under 
other circumstances would have been fertilized. Bessel’s “ experi- 
ments, in which youn^- queens were rendered incapable of llii^ht, and 
were thus prevented from fertilization, have shown that all the ei^<^s 
laid by such females dcvclope into drones (males) which arc well 
known to result from parthenog-enctic development. On the other 
liand, bee-keepers have long known that young queens which are 
fertilized in a normal manner continue for a long time to lay eggs 
which devclope into females, that is to say, which have been 
fertilized. Hence the same eggs, viz. those which arc lowest in 
the oviducts and are therefore laid lirst, dcvclope parthenogeneti- 
cally in the mutilated female, but are lertilized in the normal 
female. The question therefore arises as to ihe way in which the 
eggs Ijccome capable of adapting themselves to the expulsion of 
two polar bodies wdien they are to be fertilized, and ol* one only 
when fertilization docs not take place. 

But perhaps the solution of this jiroblcm is not so diflicult as it 
appeal's to be. If we may assume that in eggs which are capable 
of tw^o kinds of devclojiment the second })olar body is not ex])elled 
until the entrance of a spermatozoon has taken ])lace, the explanation 
of the possibility of parthenogenctic development wdien fertilization 
does not occur w^ould be forthcoming. Now v/e know, from the in- 
vestigations of O. Ilertwig and Fol, that in the eggs of Echims 
the two polar bodies are even formed in the ovary, and are therefore 
quite independent of fertilization, but in this and other similar eases 
a parthenogenetic development of the egg never takes place. There 
are, howxvcr, observations upon other animals which point to the fact 
that the first only and not the second polar body may be formed before 
the spermatozoon penetrates into the egg. It can be easily under- 
stood why it is that entirely conclusive observations are wanting, 
for hitherto there has been no reason for any accurate distinction 

• ^ See Essay IV, Part TIT. p. 225. 

^ E. Bessels, ‘ Die Landois’sche Theorie, widerlef^t durch das Experiment.* 
Zeitschr. f. wiss. Zool. Bd. XVill. p. 124. 1868. 
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between the first und the second polar body. Butin many eggs it 
appears certain that the second polar body is not expelled until the 
spermatozoon has penetrated. O. Schultze, the latest observer of 
the egg of tlie frog, in fact saw the first polar body alone extruded 
from the unfertilized egg : a second nuclear spindle was indeed 
formed, but the second ])olar body was not expelled until after 
fertilization had taken jdacc. A very obvious theory therefore sug- 
gests itself: — that while the formation of the second polar body is 
purely a phenomenon of maturation in most animal eggs, and is 
independent of fertilization, — in the eggs of a number of other 
animals, on the other hand, and especially among Arthropods, 
the formation of the second nuclear spindle is the result of a 
stimulus due to the entrance of a spermatozoon. If this sug- 
gestion be confirmed, wc should be able to understand why ])artheno- 
genosis occurs in certain classes of animals wherever the external 
conditions of life render it-s a})pearancc advantageous, and further, 
why in so many s])ecies of insects a sporadic partlicnogenesis is ob- 
served, viz. the i)ai‘thenogenetic development of single eggs (Lepi- 
doptcra). Slight individual dilferences in the facility with which 
the second nuclear spindle is formed independently of fertilizaiion 
Avould in such cases decide whether an egg is or is not capable, of 
parthcnogeneiic development. As soon, however, as the second 
nuclear spindle is forjiied, parthenogenesis becomes im])ossiblc. 
The nuch'ar sjnndle which giv(‘s rise to the second polar body, and 
that wbicli initiates segmentation, are two entirely di lie rent things, 
and although they contain the same (piantity, and the same kind 
of germ-plasm, a transformation of the one into the other is 
scarcely conceivable. This conclusion will be demonstrated in the 
following i)art of the essny. 


II. The Significance of thr Second Polar Body. 

I have already discussed the physiological importance of the first 
j)olar body, or rather of tlie first division undergone by the nucleus 
of the egg, and I have exidained it as the removal of ovogenetic 
nuclear substance which has become superlluous and indeed in- 
jurious after the matumtion of the egg. I do not indeed know of 
any other meaning which can be ascribed to this process, now that 
we know of the occurrence of a first division of the nucleus in 
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parthcnogcnctic as well as in sexual e^*<>s. A part of the nucleus 
must thus be removed from both kinds of a part which was 
necessary to complete their growth, and whicli then became super- 
fluous and at the same time injurious. In this respect, the observa- 
tions of Bloehinann^ upon the c<»‘,i*'s of Viisca vomUoria seem to m% 
to be very interesting^ Hero the two successive divisions of the 
nuclear spindle arising* fi’om the eg*g*-nueleus take place*, but true 
polar bodies are not ex])clled, and the two nuclei corresponding to 
thefn (one of which divid(‘S once more) are i)laccd on the surface of 
the egg*, suri’ounded by an area free from yolk g’ranulcs ; and they 
break up at a later period. The essential point is obviously to 
eliminate from the eg*g-cell the intluenee of niieleopkism which has 
been se})a rated from the egg*-nucleus as the first polar body; and 
this condition is vsatislied whether the elimination is brouaht about 
by a process of true cell-division, as is the rule in the eg*g*s of most 
animals, or by the division and removal of part of the eg*g‘-nucleus 
alone. The occurrence of the latter method of elimination cer- 
tainly constitutes a still further ])roof of the physiological im- 
portance of the process, and this, taken together with the uni- 
versal occurrence of ])olar bodies in all eggs — parthenogenetic and 
sexual — forces us to conclude that the process must possess a 
definite significance. No one of the various attempts which have 
been made to explain the significance of polar bodies generally 
is applicable to the Jirsl polar body except that which I have 
attcm])tcd. 

But the ease is different with the significance of the second 
nuclear division, or the second jiolar body. IJcre it migdit jierhaps 
be possible to return to the view brought forward by Minot, 
Jlalfour, and van Beiicdcn, and to consider the removal of this 
part of the nucleus as the expulsion of the male part of the jire- 
viously hcrma];)hroditc egg-cell. The second polar body is only ex- 
pelled Avhen the egg is to be fertilized, and at first sight it a])pears 
to be quite obvious that such a preparation of the eg*g for Icrtilization 
must depend upon its rediiction to the female state. 1 believe how- 
ever that this is not the case, and am of opinion that the process 
has an entirely different and much deeper meaning. 

Ilow can we gain any conception of this suj)[)oscd herma- 
phroditism of the egg-cell, and its subsequent attainment of the 

^ 1. c., p. no. 
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female state ? What are the essential characteristics of the male and 
female states ? We know of female and male individuals, among 
both animals and ydants : thedr diflerences consist essentially in the 
fact that they produce difUivent kinds of n'productive cells ; in part 
they arc of a secondary nature, being adaptations of the organism 
to the functions of reproduction ; tluw ai*c intended to attract the 
other sex, or to ensure the meeting of the two kinds ol reproductive 
cells, or to enable the halilizc'd egg to develope and sometimes to 
guide the devcIoj)ment of the otfspring until it has reacdieda certain 
period of growth. Ihit all these differences, however great they may 
sometimes 1)(‘, do not alLu* the essential nature of the organism. 
1'he blood eoipusch's ol' man and woman are the same, and so are 
the cells of their nervTS and muscles ; and even the sexual cells, so 
dillei-ent in size, a]ipenranc(^, and generally also in motile power, 
must (‘ontain the same fundamental substance, the same idioplasm. 
Otherwise the female germ-eell could not transmit the male 
cliaractcu's of the aiu'ostors of the lemale (juite as readily as the 
female characters, nor could the male germ-c(dl transmit the female 
(|uite as readily as the male characters of the ancestors of the male. 
Jt is ther(‘fore clear that the mudear substance itself is not sexually 
dillercntiated. 

T have already previously point(‘d out that, the above-mentioned 
facts of heredity contain tlie disproof of Minot/s tlieory, inasmuch 
as the egg-cell transmits male as well as female characters. Stras- 
burger ^ has also raised a, similar objection. 1 consider tin’s objec- 
tion to be ([uit<‘ ('onclusive, for there does not seem to be any way 
in which tin* dilliculty can be met by the sui)portcrs of the theory. 
The dilliculty could indeed be evaded until we came to know that 
the essential ])art of the polar body is nuclear substance, and that the 
latter must be regarded as idioplasm, — as the substance which is the 
bearer of heredity. It might have becui maintained that the male 
part, removed from the egg, consists only in a condition, perhaps 
comparable to positive or negative electricity; and that this con- 
dition is present in the substance of the polar body, so that the 
removal of the latter would merely signify a removal of the 
unknown condition. I do not mean to im])ly that any of those 
who have adopted ]\Tinot’s theory have had any such vague ideas 

^ Strasburger, ‘Neue Unteraucbiingen iiber deu Befruclituiigsvorgang bei den 
Phanerogauicn ala Grimdlage einer Thcorie der Zeiigimg.’ .Telia, 1S84. 
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concerning* this process, but even if «n.ny one wore ready to adopt it, 
he would be unable to make any use of the idea. He would 
not be able to support tlie theory in tliis way, for we now know 
that nuclear substance is removed with t he polar liody, and this 
fact requires an explanation wliich cannot be a Horded by the 
theory, if we are rigdit in believing* that the expelled nueh'ar sub- 
stance is not merely the indilfcrent bearer of the unknown })rinciple 
of the male condition, but hereditary substance. I thcrc'fore be- 
lieve that Minot’s, J3alfour’s, ami van Ihmeden’s hypothesis, al- 
though an ingenious attc'mpt which was ([uite justified at the time 
when it originated, must bci finally abandoned. 

My opinion of the significan(*e of fdie second polar body is 
shortly this, — a reduction of tlu'. germ-plasm is brougdit about by its 
formatif)n, a- reduction not only in (pianfil.y, but above all in the 
comjdexily of its constitution, means of fhe second nuclear 
division the excessive accumulation of difierent kinds of hereditary 
i.endoncies or germ-])lasins is prevented, which without it would be 
necessarily ])roduee(l by Icrtilization. With the nucleus of the 
second i)olar body as many difierent kinds of idiojdasm are removed 
from the egg as will be afterwards introduced by the s])erin- 
nucleus ; thus the second division of the (*gg-nucleus serves to 
kce]) constant the number of difierent kinds of idiojdasm, of which 
the germ-j)lasni is composed during tlie course of generations. 

In order to make this intelligible a short explanation is necessary. 

From the splendid series of investigaiions on the ju’occss of 
fertilization, commenced by Auerbach and Jhiischli, and continued 
by ITertwig, J^'ol, Slrasburger, van Jleneden, and many others, 
and from the theoretical considerations brought forward by Pfiiiger, 
Niigeli, and myself, at least one certain result follows, viz. that 
there is an hereditary substance, a material bearer of hereditary 
tendencies, and that Ibis substance is contained in the nucleus 
of the germ -cell, and in that part of it which forms the nuclear 
thread, which at certain periods appears in the form of loops or 
rods. We may further maintain that fertilization consists in the 
fact that an e([ual number of loops from either parent are placed 
side by side, and that the segmentation nucleus is composed in this 
way. It is of no importance, as far as this ([iicstion is concerned, 
vfhether the loops of the two parents coalesce sooner or later, 
or whether they remain separate. The only essential conclusion 

A a 2 
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demanded by oiir hypotlies^is is that there should be complete or 
approximate equality between the (piantities of hereditary sub- 
stance derived from either ])arent. If then the g‘erm-cells of the 
ofl'sprinj^ contain the united germ-plasms of both j)arents, it iollows 
that such cells can only contain half as much paternal germ-plasm 
as was contained in the germ-cells of the father, and hall as much 
maternal germ-plasm as was contained in the germ-cells of the 
mother. 4diis princijjle is ailirmed in a well-known calculation 
made by breeders of animals, who only differ from us in their use'^of 
the term ‘blood’ instead of the term germ-plasm. .Breeders say that 
half of the ‘ bloo<r of the ofrs]>ring has been derived from the father 
and the oihcu* half from the mother. The grandchild similarly 
derives a ([iiarter of its ‘ blood ’ from each of the four grandparents, 
and so on. 

L(it us imagine, for the sake of argument, that sexual repro- 
duction had not been introduced into the animal kingdom, and 
that asexual reproduction had hitherto existed alone. In such a 
case, the germ-plasm of the first generation of a species which 
enters upon s(‘xual reproduction must still he entirely homo- 
goTieous; the hereditary substance must, in each individual, con- 
sist of many minute units, each of which is exactly like the other, 
and each of which contains within itself the tendency to transmit, 
under certain circumslances, the whole of the characters of the 
parent to a now organism — the olfspring. In each of the olfspring 
of such a first generation, the germ-jdasms of two parents will ho 
united, and every germ-cell contained in tlie individuals of this second 
sexually ])roduced generation will now contain two kinds of germ- 
plasm — one kind Irom the father, and the otJier irojii the mother. 
But if the total (piantity of germ-plasm present in each cell is to 
be kept wdthin the ])rc-determincd limits, each of the tw^o ancestral 
gv‘rm-])lasms, as I may now call them, must bo represented by only 
half as many units as were contained in the ])arcnt germ-cells. 

In the third sexually i)rodueed generation, two new ancestral 
germ-plasms would be added by fertilization to the two already 
])resent, and the germ-cells of this generation would therefore con- 
tain four different ancestral germ- 2 )lasms, each of wdiich wmuld 
constitute a (piarter of the total quantity. In each succeeding 
generation the number of the ancestral germ-plasms is doubled, 
while their quantities are reduced by one half. Thus in the fifth 
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sexually produced «‘cueration, each of the sixteou ancestral germ- 
plasms will only constitute (piantity; in the sixth, 

each of tlic thii’ty-two ancestral gorm-])1asms, on]>— and so on. 
The germ-plasm of the tenth generation would ho composed of 
1024 dilferent ancestral germ-plasms, and that of the n^^‘ of 2“. 
By the tenth generation each single ancestral germ“])lasm would 
only form i i of the total quantity of germ-plasm contained in 
a single germ-cell. We know nothing* whatovTi* of the length of 
time over which this process of division of the ancestral germ- 
plasms may have endured, but even if it had continued to tho 
utmost ])ossible limit— so far indeed that each ancestral germ- 
plasm was only re])res(mted ])y a single unit — a time would at last 
come when any further division into halves would cease to be 
ppssible ; for the very conce])liion of a unit iin])lies that it cannot 
be divid(‘d wilhout tlic loss of its essential nature, which in this 
case constitutes it as the luu’i'ditary substa.n('e. 

In the diagram r(‘present(‘d in Fig. , 1 . T have tried to render 
these conclusions iutelligille. In generation i. each ])at(Tnal 
and maternal germ-plasm is still cntlndy homogeneous, and does 
not contain any combination of dilfercmt hereditary (jualities, but 
the g*erm-plasm of the olfspring is made up of (Ujual parts of 
two kinds of germ-plasm. In the s(‘cond generation this latter 
gcrm-ilasm unii<\s wilh another derived from other paremts, which 
is similarly composed of two ancestral g(‘rm-])lasms, and the re- 
sulting third g*eneration now contains four different ancestral germ- 
plasms in its germ-cells, and so on. The diagram only indicates the 
fusion of ancestral g(U’m-j)lasms as hir as the oilspring* of the fourth 
generation, the germ-cells of which contain sixteen diflercnt an- 
cestral germ-plasms. If we imagine the germ-plasm units to be 
so large that there is only room for sixteen of them in the nuclear 
thread, the limits of division would be reached in the iifth genera- 
tion, and any further division into halves of the ancestral g*crm- 
plasms would be impossible. 

Now however minute the units may be, there is not the least 
doubt that the limits of possible division have been long since 
reached by all existing species, for we may safely assume that no 
one of them has acf)uirod the sexual method of i*ej)roduction within 
a small number of recent generations. All existing species must 
therefore now contain as many different kinds of ancestral germ- 
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plasms as they arc capable of containing ; and the cpiestion arises, — 
How can sexual reproduction now proceed without a doubling of 
the quantity of germ-plasm in each germ-cell, with every new 
generation ? 

There is only one possible answer to such a question : — sexual re- 
production can proceed by a reduction in the number of ancestral 
germ-plasms, a reduction which is repeated in every generation. 



Fig. 1. 


This must be so : the only question is, how and when docs the 
supposed reduction take ])lace. 

Inasmuch as the germ-])lasm is seated, according to our theory, 
in the nucleus, the necessary reduction can only be produced by 
nuclear division ; and quite apart from any observation which has 
been already made, ^ve may safely assert that there nmst be a form 
of nuclear division in which the ancestral germ^plasms contained in 
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tlio nucleus are distributed to ilie daug-litor-nuelei in sueli a way 
that each of tlieni receives only half the nuin])er contained in the 
ori^-inal nucleus. After Roux’s’ elaborate rc'view of the whole 
subject, we need no long-er doid)t that the complex method of 
nuclear division, hithcito hnown as kaiyokinesis, must be con- 
sidered not inercly as a means for the division oi'tlu' total (piantity 
of nuclear substance, but also for producin< 4 ^ a division of the 
quantity and quality of each of its sino'lo elements. Tn by far the 
^r^itcr number of instances the objcH't of this division is obviously 
to etfect an (‘qnal distribution of jmclear sid:)stance in tlie two 
daughter-nuclei, so that eac'h of the ditlerent (pialities contained in 
the mother-nucleus is transferred to tlu^ two dau<^hter-nuclei. I’his 
interpretation of ordinary kaiyokinesis is less uncertain than per- 
haps at first/ sii^'ht it, may appear to be. We (jannot, it is true, 
directly seii tin; ancestral <»*erm-plasms, nor do we even know the 
])arts of the nucleus whiidi are to be looked upon as constituting- 
ancestral i»‘('rm-plasm ; ])ut if Flemmin^-’s ori^-inal discovery of the 
lonj[>itudinal division of the loops lyin<^* in tlu^ e<[uatorial plane of 
the nuclear spindle is to have any meaning* at all, its objccit must 
be to divide and distri])ute the ditlerent kinds of the minutest 
elements of the nuclear thread as ecpially as possible. It has been 
ascertained that the two halves produced by the longitudinal split- 
ting of each loop never pass into t/he same daughter-nucleus, but 
always in ojipositc directions. The essential point cannot therefore 
be the division of the nucleus into absolutely equal (piantities, but it 
must be the distribution of the ditlerent (jualities of the nuclear 
thread, without excejition, in both daughter-nuclei. But these dif- 
terent (pialities are what T have call(!d the ancestral germ -plasms, i.e. 
the germ-plasms of the ditferent ancestors, which must be contained 
in vast numbers, but in very minute quantities, in the nuclear thread. 
The siqiposition of a vast number is not only re({uired by the 
phenomena of heredity but also results 1‘rom the comparatively 
great length of the nuclear thread : furthermore it implies that 
each of tlu'in is present in very small quantity. The vast number 
together with the minute quantity of tlic ancestral germ-plasms 
permit us to conclude that they arc, upon the whole, arranged in a 
linear manner in the thin thread-like looiis : in fact the longitudinal 

Wilhelm Eoux, ‘ Ueber die Bcdeutiing der Kerntheilungsfiguren.’ Leipzig, 
1884. 
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splittinc: of these loops appears to me to he almost a proof of the 
existence of such an arrangement, for without this supposition the 
process would cease to have any meaning’. 

This is the only kind of kar^okinesis which has been observed 
until recently; but if the supj)oscd nuclear division leading to 
a reduction in the number of ancestral germ-plasms has any real 
existence, there must be yet another kind of karvokinesis, in 
which the primary (‘([iiatorial loops are not split longitudinally, but 
arc separated without division into two grou])s, each of which forms 
one of the two daughtcii’-nuclei. In such a case the required reduc- 
tion in the number of ancestral germ-])lasms would take ])lace. for 
each daughter-nucleus would receive only half the number which 
was contained in the mother-nucleus. 

Now there is more evidence for the existence of this second kind 
of karyokinesis than the fact that it is demanded by my theory ; 
for I believe that it has been already observed, although it has not 
been interpreted in this sense. 

It is very probable that this is true of van Beneden’s ^ observation 
on the egg of Amti'U mepaloeop/iala : lie found f hat the nuclear 
division which led to the formation of the polar body differs from 
the ordinary course of karyokinesis, in that the plane of division 
is at right angles to that usually assumed. Carnoy ^ has confirmed 
this observation in its main features, and ho has made the further 
observation that out of the eight nuclear loops which are found at 
the cquai'Or of the s])indle, four are removed Avith the first polar 
body, and that half of the remaining four are removed with the 
second polar body. The first of these two divisions would have to 
be looked upon as a reduction, if it is certain that each of the eight 
nuclear loops consists of different ancestral germ-plasms ; but this 
assumption is imi)ossible, although on the other hand it cannot be 
(Virecthj disju-oved: for we are not able to see the ancestral germ- 
plasms. But it must nevertheless be maintained that the removal 
of the first four loops does not imply a reduction in the number of 
ancestral germ -plasms in the nucleus ; because, as I have alrcfidy 
argued, two successive divisions of the number of ancestral germ- 


' E. van Benedon, ‘ Becherclies sur la maturation de Tocuf, la f^condation et la 
division celliilaire.’ Gand ct Leipzig, Parits, 18S3. 

J. B. Carnoy, ‘ La Cytodierhse de I’ocuf, la vesiculc germinative et les globules 
polaires de I’Ascaris megalocephala.* Louvain, Gand, Lierre, 1886. 
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plasms into halves is inconceivable ; anil heeanse the first polar 
body is also present in parthcno<i^cnetic e^’o^s in which such division 
into lialves cannot take place. But the karyokinetic process can 
readily lie looked upon as a removal of ovooenetic nucleoplasm, for 
we know from the observations of Flemming* mu] Carnoy, that, 
under certain circumstances, subsequent divisions may occur, in- 
volving* an increase in the number of nuclear loops to double their 
number. These subsequent divisions of course lake placi' in the 
(fiiughter-nuclei. This fact ])rovcs, as 1 think, ihat there are nuidei 
in which tlu' same ancestral g*erm-plasni occurs in two dilliu’ent 
loo])S : but sucli loops, ideniiieal as regards the composiiion of tbeir 
ancestral germ-plasjns, may very well contain dilferent ontogenetic 
stages of Ibis substance. This will be the case in the instance 
alluded to, if four loops of the first nuclear sjiindlo arc to be looked 
upon as ovogenetie nucIeo})lasm, and the lour otbiu’s as germ- 
plasm. It is therefore unnecessary to regard the lirst division of 
the egg-nucleus as a ‘reducing division ’ : it may bi* looked upon as 
an ‘equal division 'Umtirely analogous to the kind oT division wdiich, 
in my opinion, directs the development of the embryo, ^fbis con- 
clusion would receive direct iiroof if it w^rc ])Ossible to show that 
the eight loops of the lirst division have arisen by (.he longitudinal 
splitting of four priwani loops : for a longitudinal splitting of the 
nuclear thread w^ould ho the moans by which the diHerent onto- 
genetic stages of the genn -plasm could lie separated from one 
another, without leading to any reduction in the num])er of ances- 
tral g*erm-plasms in the daughter-nuclei. Thus I have ])reviously 
attempted to prove that the ontogenetic development of the egg 
must be connected with a progressive transformation of the nucleo- 
plasm during successive nuclear divisions, and this transformation 
will very frequently (but not always) occur in such a way that the 
dilferent qualities of the nucleoplasm are separated from one anothiu* 
by the nuclear division. The nucleo]>lasm of the daughter-nuclei 
will be identical if the two daughler-cells are to jiotentially contain 
corresponding jiarts of the embryo ; as for instance the lirst two 
segmentation spheres of the egg of the frog, which according to 
lloux^ corresjiond to the right and left halves of the future animal. 

^ 1 See p. 364. 

^ Wilhelm Roux, ‘Beitriige zur Entwicklimgsmechanik Jes Embrjm,’ No. 3, 
Breslauer arztliche Zeitschrift, 1885, p. 45. 
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But the iiuclcoplnsni must be unequal if the products of division 
are to dovelope into different ])arts of the cml)ryo. In l)otIi cases, 
hovvcjver, karyokinesis is connected with a longitudinal splittinj^ of 
the nuclear threads, and we may conclude from this fact (which. is 
also confirmed by the plicnomena of heredity) that all such nuclei, 
whether tluiy have entered upon the same or diflerent ontoo^enetic 
transformations of their nucleoplasm, are identical as reg’ards the 
ancestral «*erm-plasni which they contain. Durino- the whole pro- 
cess of se<4'm(‘ntation and the entire development ol’thc embryo, tHe 
total number of ancestral «‘erm-plasms which were at fi rst contained 
in the <j^(‘rm-])lasm of the fertilized ei**i^-cell must still be contained 
in each of the su(;cec(lin^' cells. 

d’hus no objection can be raised ai^’ainst the view that the four 
loops of the first polar body confain the ovog’enetic nucleoplasm, 
that is to say, an idioplasm which contains the total number of an- 
cestral ^•erm-})lasms, but at an advanced and highly sj^ecializcd 
onto^’cnetic sta,<**e. 

The formation of the second polar body may be ri^'htly considered 
as a ‘rcducin<>‘ division,’ as a division leadini>' to the ex])ulsion of 
half the number of the (lillcrent ancestral ,<^erm-])lasms, in the form 
of two nuclear loops, for no reason can be alk\i,^ed in sup}:)0] t of the 
assumption that the four loo])s of the second nuclear spindle are 
made up of identical pairs, hurtlicrmorc the facts of heredity re- 
quire the assumption that tlu* o-reatest ])ossible number of ancestral 
o’erm-])lasms is accumulafed in the i>'erm-])lasm of each i^'crm-cell, 
and thus that the small number of loops not only means an increase 
in quantity but a muliiplication in the number of dilferent ancestral 
<>;‘erm-i)lasms ])resent in each of them. If this conclusion be correct, 
there can be no doubt that the second division of the e^g-nucleus 
means a reduction in the above-meniioned sense. 

But there are yet other observations which, if correct, must also 
be considered as ‘ reducing* divisions.’ 1 refer to all those cases in 
which the loni);*itudinal s})littin.2^ of the loops is either entirely 
wanting*, or does not occur until after the loops have left the equator 
of the spindle and have moved towards the poles. In both instances 
the bearing* upon the question would be the same, for only half the 
number of primary loo})S would reach each pole in either case. If 
therefore tlie primary loops are not made up of identical pairs, it 
folloA\*T 5 that the two daugliter-niiclei can only contain half the 
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number of ancest-ral g’erm -plasms which wove contained in the 
mother-nucleus. Whether the loops divide on their way to the 
poles or at tlic poles themselves, no dillcrencc will bo brouijfht about 
in the number of ancestral "crm-plasms whicli they contain, for 
this number can neither increase nor diminish, ^fhe (juantiljj of 
the dillerent ancestral ^’erm-plasms can alone be im'reased in this 
way. T am here referring* to observations made ])y Carnoy ’ on 
the cells which form the spermatozoa in various Arthro])ods. It 
must be admitted, hoAvcver, f.hat these divisions cannot be reg^arded 
as ‘reducing divisions,’ if Flemming’s- suggestion l)e conlirmed, 
that in all these obs(‘rvations the fact has l)een overlooked that tin; 
equatorial loops are not ])rimary but secondary, and i.hat they have 
arisen from the longitudinal splitting of the nuclear thread during 
previous stages of nuclear division. But this })oint can only be 
decided by renewed investigation. Although many exeelhuit re- 
sults have been obtained in the subject of kaiyokinesis, there is still 
very much to bo learnt before our knowledge is com})lei )0 ; and this 
is not to be wondered at when wc remember the great dilliculiies in 
the way of observation whicli arc chiefly raised hy the minute size 
of the objects to be investigated. Flemming’s most recent publiea,- 
tions prove that we arc still in the midst of investigation, and tliat 
highly interesting and im])ortant jirocesses have hitherto escaped 
attention. A secure basis of facts is only very gradually olitained, 
and there are still many conflicting o])inions upon the details of this 
process. I should tliendbre consider it to be entirely useless, from my 
point of view, to enter into a critical examination of everything 
known about all the details of karyokinesis. 1 am quite content to 
have shown how it may be imagined that the reduction re([uircd by 
my theory takes place during nuclear division ; and at the same 
time to have pointed out that there are already observ^ations which 
may be interpreted in this sense. But even if I am mistaken in 
this interpretation, the theoretical necessity for a reduction in the 
numlier of ancestral germ-plasms, a reduction repeated in every 
generation, seems to me to be so securely ibund(‘d that the procc'sses 
by which it is effected take place, even if they are not snjiplicd 
by the facts already ascertained. There must be two kinds of karyo- 

^ ^ Carnoy, ‘La CytodirrLsc chez les Arthropodes.’ Louvain, Gand, Liene, i8(S5. 

Flemming-, ^Neue Leitriige zur Xenutniss der Zelle.’ Arch. f. mikr. Anat. 
Ed. XXIX, 1887. 
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kinesis acoordinjn;* to the diflerent physiological effect of the process. 
Krst, a karyokincsis by means of which all the ancestral germ-plasms 
arc ecpially distributed in each of the two daughter -nuclei after 
having been divided into halves ; secondly, a karv okinesis by means 
of which each danght(‘r-niicleus receives only half the number of 
ancestral germ-i)lasms possessed by the motlier-nucleus. The former 
may bo called ‘ etpial division,’ the latter ‘ reducing division.’ Of 
course thes('. two })rocesses, which dilliu* so greatly in their effects, 
must also be charaeteriz(‘d by morphological dillerences, but we 
cannot assume that tlu*, latter arc necessarily visible. Just as, during 
th(^ division of the first and second nuclear spindle in the egg of 
Hiajalorcphala^ karyokincsis takes, upon the whole, the same 
morphological course, although we must ascribe diil'creiit physio- 
logical meanings to tlu^ two ])roc(‘SScs of division, — so it may be in 
other cases. J1ie ‘rediudng division ’ must be always accompanied 
by a reduction of the loo])S to half their original number, or by a 
transverse division of the loops (if such division ever occurs); 
although reduction can only occur when the loops are not made u]) 
of ideni.ical ])airs. And it will not always be easy io decide whether 
this is ihe case. On tlu^ other hand, the form of karyokinesis in which 
a longitudinal split ting of the loops takes [)lace hcforc they sc])arate 
to form t.he daught(‘r-nuclei must always, as far as 1 can see, bo 
considered as an ‘ e(iual division.’ In the accompanying figures II 
and 111, diagrams are givcm illustrating these two forms of karyo- 
kinesis, but I do not 7uean to imply that it is ijiipossible to imagine 
any ot.her form in which tiny may occur. 

In Figure II a nuclear spindle is seen at //, and at its equatorial 
zone there' are twelve primary looj)S. The transverse cross-lines 
and other markings on the loops indicate that they are composed 
of different ancest ral germ-plasms. The loops are shaded differently 
in order to render the diagram clear. At B six of the loops arc 
seen to have moved to either pole, so that the figure is a repre- 
sentation of the ‘reducing division.’ Tigure III is a diagrammatic 
repres(‘ntatiou of ‘ equal division.’ JIic six loops at the equatorial 
zone of A are shown by different cross-lining and shading to be 
composed of different ancestral germ-plasms. The loops split 
longitudinally in a direction indicated by the longitudinal line 
upon each of them. In B the halves of the loops are seen to 
have moved to the opposite poles of the spindle, so that there 
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are not only six loops at each polo, but also all the six combina- 
tions of ancest ral o'crm -plasms. 

Perhaps some may be inclined to look upon direct nuclear 
division as a ‘ reducini;' division/ but I believe that such a‘ view 



Figs. TI, III. 


would be incorrect. It is only approximat(‘ly true that the nuclear 
thread is divided into two halves of equal quantity by direct 
division, and exact C(pia1ity would only hapi)en as it were acci- 
dentally; so that we cannot speak of a pcjdectly equal distril)ution 
(tf the ancestral "erm-plasm in the two daiig-hter-nuclei. But the 
‘ reducing division ’ must obviously elfect an exactly regular and 
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uniform distribution of the ancestral ^erm-plasms, although this does 
not imply that every ancestral germ-plasm of the mother-nucleus 
would ho represented in each of the two daughter-nuclei. But 
if out of c. g. eight nuclear loops at the e(juatorial plane, four pass 
into one, and the other four into the other daughter-nucleus, each of 
the latter will contain an equal number of ancestral germ -plasms, 
although different ones. This is indeed part of the foundation 
of the theory, for the ‘reducing division’ must remove exactly 
half of the original miniber of ancestral germ-] )1 asms, and pre- 
cisely the same number must be replaced at a later period by 
the sperm-nucleus. Tliis could hardly be achieved with sufficient 
precision by dircict nuclear division- 

1 now come to inf[uire whether the expulsion of the second 
])olar body is in reality, as 1 have alix'ady maintained, a reduction 
in the number of ancestral germ-jdasms present in the nucleus of 
the egg. The view itself is sufficiently obvious, and it would 
su])j)ly an ex])lanation of the meaning of the ])rocess which is still 
greatly wanted ; but it will nevertheless be not entirely useless to 
consider other ])ossible theories. 

It would be ([uit-e conceivable to suppose that the youngest 
egg-cells, which multiply by division, may undergo one ‘ reducing 
division ’ in addition to th<^ ordinary ])rocess. Of course this 
should 0 (^cur once only, for if repeated, the number of ancestral 
idio])Iasms in the nucleus of the germ-cell would undergo a decrease 
greater than could be afterwards comj)ensated by the increase due 
to fertilization, dhus the number of ancestral germ-plasms would 
continually decrease in the course of generations, — a process which 
would necessarily mid with their com])leto reduction to a single 
kind, viz. to the paternal or the maternal germ-plasm. But the 
occurrence of such a result is disproved by the facts of heredity. 
Although such an early occurrence of the ‘ reducing division ’ 
would offer advantages in that nothing would be lost, for both 
daughter-nuclei would become egg\s, instead of one of them being 
lost as a polar body, nevertheless I do not believe that it really 
occurs : weighty reasons can be alleged against it. 

Above all, the facts of parthenogenesis are against it. If the 
numb('r of ancestral germ-plasms received from the parents were 
reduced to half in the ovary of the young animal, how then could 
parthenogenetie development ever lake place? It is true that 
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we cannot at once assert the impossibility of an early ‘ reducincf 
division ’ on this account, for as I have shown above, the power to 
develope parthenoi^enei.ieally depends upon the quantity of ^erm- 
plasm contained in the mature eo-g* ; ihe necessary amount mig-ht 
he produced by growth, quite independently of the number of 
different kinds of ancestral germ-plasms which form its constituents. 
The size of a heap of grains may depend upon the number of grains, 
and not upon the number of dilfcrent kinds of grains. But in 
aAother respect such a supposition would lead to an untliinkable 
conclusion. In the first place, tlu' number of ancestral germ-plasms 
in the gcrm-cells would bo diminished by one half in each new 
generation arising by the jiarthenogenetic method ; thus after ten 
generations only ^oVr original number of ancestral germ- 

plasms would be ])rcscnt. 

Now, it might be supposed that the ‘ reducing division ’ of the 
young egg-cells was lost at the time when the parthcnogenotic 
mode of rojiroduction was assumed by a specic^s ; but this suggestion 
cannot hold, because tlure arc certain speci(‘S in which the same 
eggs can devclojie either sexually or ])art,henogenctically (c. g. the 
bee). It seems to me that such cases distinctly ])oint to the fact 
that the • reduction in the numlier of ancestral gm*m-plasms must 
take place immediately bel’ore the commenei'ment of embryonic 
developnumt, or, in other words, at the time of maturation ol* tlui 
egg. It is only decided at this time whether the egg of the bee 
is to develope into an embryo by tlu* partlumogenei.u; or the S(‘xual 
method ; sucii decision being brought about, as was sliown above, 
by the fact tliat only one polai’ body is ex])ell(‘d iii the first case, 
while two are expelled in tlu^ second. But if we are obliged to 
assume that re})roduction by means of fertilizai.ion, necessarily 
implies a reduction to one half of the number of ancesfral germ- 
plasms inherited from tlu^ parents, — the further , conclusion is 
obvious, that the second division of the cgg’-nucleus and the exjail- 
sion of the second j)olar body represent sucli a reduction, and that 
this second division of the egg-nucleus is une([ual in the sense 
mentioned above, viz. one half of the ancestral germ-plasms re- 
mains in the eg’g-nucleus, the original number being subsequently 
restored by conjugation with a s])erm-nuclcus ; while the other 
half is expelled in the polar body and perishes. 

I may add that observations, so far as they have extended to 
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such minute processes, do indeed prove that the number of loops 
is reduced to one half. It has Ijcen already mentioned that, ac- 
cording to Carnoyj such reduction occurs in Ascaris wegaloceiAiala^ 
but the same author also descril)es the process of the formation 
of polar bodies in a lar^^o numl)er of otluu- Nematodes and his 
descriptions show that the process occurs in such a way that the 
number of ancestral germ-plasms must be reduced by half. Some- 
times half the number of primary loops })ass into the nucleus of the 
polar body, while the otluu- half remains in the egg. In other 
cases, as in Ophio^stomuni wvcronatnm^ the primary nuclear rods 
divide transversely, — a ])rocess which must ])roduce the same effect. 
It is true that these observations re([uire confirmation, and since, 
with unfavourable objects, the diflicultics of observation are ex- 
tremely gr(‘at, there may have been errors of detail ; but I do 
not tliinlv that there is any reason for doubting the accuracy of 
the essential i)oint. And this essential point is the fact that the 
number of ])rimary loops is divided into half by the formation of 
the ])olar body. 

Ihit even if wo could not admit that such a conclusion is securely 
founded, it cannot be doubted that the formation of the second polar 
body reduces to one half the quantity of the nucleus which would have 
become the segmentation-nucleus in the parthcnogenctic develop- 
ment of the egg. This is a simph^ logical conclusion from the 
two following facts : first, parthenogcnctic eggs expel only one polar 
body ; secondly, fiherc are eg*gs (such as those of the bee) in which 
it is absolutely certain that the same half of the nucleus which 
is ex])cllcd as the second polar body in the egg' recjuiring fertil- 
ization — remains in the egg when it is to developc parthenoge- 
nctically, and acts as half of the segmentation-nucleus. But this 
proves that the expelled half of the nucleus must consist of true 
germ-plasm, and thus a secure foundation is laid for the assump- 
tion that the formation of the nucleus of the second polar body 
must be considered as a ‘ reducing division.’ 

I was long ago convinced that sexual reproduction must be 
connected with a reduction in the number of ancestral germ-plasms 
to one half, and that such reduction was repeated in each genera- 
tion. When, ill 1 885, 1 brought forward my theory of the conutinuity 

' Cariioy, ‘La Cytodierbse de I’oeuf; la vcsicule germinative et les globules 
polaires chez quclques Nematodes.* Louvain, Gand, Lierre. 1886. 
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of the germ-plasm, I had long hefore that time considered whether 
the formation and ex])iilsion of ])olar bodies must not be inter- 
preted in this sense. T3ut the two divisions of the egg-nucleus 
caused me to hesitate. Tlie two divisions did not seem to admit 
of sucli an interpretation, for by it the quaniity of the nucleus 
is not divided into Inilves, but into quarters. Ibit a division 
of the number of ancestral germ-plasms into quarters would have 
caused, as was shown above, a continuous decrease, leading to their 
c^^mpletc disappearance; and such a conclusion is contradietc'd by 
the facts of heredity. For this reason T was led at tiiat time 
to oppose Strasburger s view that the expulsion of the polar bodies 
means a reduction of the quantity of nuch'ar subsiaTice by only 
half. My objection to such a view was valid when 1 said that the 
quantity of idioplasm contained in the egg-nucleus is not, as a 
matter of fact, reduced to one half, but to one (luarter, inasmuch 
as two successive divisions take place. I may add that I had also 
considered whether the two successive divisions might not ])ossess 
an entirely diderent meaning', — whether one of them led to the 
removal of ovogcnetic nucleoplasm, while i)he oilier resulted in a 
reduction in the number of ancestral gcrm-])lasms. But at that 
time there were no jiscertained facts which snp])orted the su])po- 
sition of such a didercncc, and I did not wish to bring forward the 
idea, even as a suggestion, when there was no secure foundation 
for it. The morphological aspects of the formation of the first 
and second j)olar bodies arc so extremely similar that such a 
supposition might have been considered as a more ed()rt of the 
imagination. 

Plcnsen^ also rejected ihc second }}art of the supposition that 
reduction must take place in the number of the hereditary elements 
of the egg, and that such reduction is caused by the expulsion of 
polar bodies, because ho believed it to be in(;om}jatible with the 
fact, which had just been discovered, that polar bodies arc formed 
by parthenogcnetic eggs. ITc concludes with these words: ‘If 
this striking fact be confirmed, the hypothesis which assumes that 
the egg must bo divided into half before maturation, is refuted, 
and there only remains the rather vague explanation tliat a pro- 
cess of purification must precede the dcvcloj)mcnt of the embryo.’ 

Hensen, ‘Die Gnindla^^en der Vererbung nach dein gegenwiirtigen Wissena- 
kreis/ Zeitachr. f. wissenschaftl. Landwirtbsebaft, Derliii, 1885, p. 731, 
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Nevertlieless Hensen is the only writer who has hitherto taken 
into consideiation the idea tliat sexual reproduction causes a 
regularly occurring* ‘diminution in the hereditary elements of 
the eg*g*.’ 

Til. The Fokeooixo Considerations applied to the Male 
Gehm-CelLvS. 

If the result of the previous considerations be correct, and 'if 
the number of ancestral g-erm-plasms contained in the nucleus of 
the eg’g-cell destined for fertilization must be reduced by one half, 
there can be no doubt that a similar reduction must also take 
place, at some time and by some means, in the g‘erm-plasms of the 
male germ-cells. This must be so if we are correct in maintaining 
that the young germ -cells of a new individual contain the same 
nuclear substance, the same germ-plasm, which was contained in the 
fertiliz(Hl egg-cell from which the individual has been developed. 
The young germ-cells of the offspring must contain this substance 
if my theory of the continuity of the germ-plasm bo well founded, 
for this theory su])poses that, during the develojmient of a fer- 
tilized (‘gg, the whole (piantity of germ-plasm does not pass through 
the various stages of ontog*enetic dov^elopment, but that a small 
part remains unchanged, and at a lat(u* period forms the germ- 
cells of the young organism, aft(‘r having undergone an increase in 
quantity. According to this supposition therefore f-he germ-plasm 
of the parents must be found umjhanged in the germ-c(‘lls of the 
olfspring. If this theory were false, if the germ-plasm of the germ- 
cells were lorni(*d anew by the organism, j^erbaps from Darwin’s 
‘gcmmules’ which })our into the germ-cells from all sides, it 
would be impossible to understand why it has not been long ago 
arranged that ('ach germ-cell should receive only half the number 
of the ancestral gemmules present in the body of the parent. 
Hence the expulsion of the second polar body — assuming the 
validity of my interpretation — is an indirect proof of the soundness 
of the theory of the continuity of the germ-plasm, when contrasted 
with the theory of pangenesis. If furthermore, a kind of cyclical 
development of the idioplasm took place, as supposed by Stras- 
burger, and if its final ontogenetic stage resulted in the re-aj)pea^j- 
ance of the initial condition of the germ-plasm, we should fail to 
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understand how any of the ancestral «*enn-plasms could be lost 
durino* such a course of development. 

Whichever view, the latter or tlie theory ot the continuity of 
the germ -plasm, be correct, in either case the male germ-cells of 
the young animal must contain the same germ-plasm as that 
which existed in the fcri,ilized maternal egg, that is to say, they 
must contain all the ancestral germ-plasms of the iatlun* and the 
mother. Here therefore a reduction must o(uair, for otherwise the 
number of ancestral germ-plasms would be increased by one half at 
every fertilization. The egg-cell would furnish 1 , but the sperm- 
cell f of the total quantity of germ -plasm ))resent in the germ- 
cells of the j)arents. Ihit tluTc^ is no reason for believing that 
the reduction of germ-plasm in the sperm-cell must proceed in 
precisely the same way as in the egg-cell, viz. by the expulsion 
of a polar body. On the contrary, the processes of s2)ermato- 
genesis are so reniarlvably different from those of ovogenesis that 
we may expect to find that reduction is also brought about in a 
different mann(‘r. 

The egg-cell docs not expel the suj)erfluous ancestral germ- 
jdasms until the end of its d(weloptrient, and in a form which 
induces the destruction of the se2)arated j)ortion. This is certainly 
remarkable, for germ-plasm is a most important substance, and 
although it seems to be wasted in the 2)i’<>duction of enormous 
quantities of sperm- and eg'g-cclls, such waste is only apparent, 
and is in reality the means which renders the species capable of 
existence. It may perhai)s be 2 )OssibIe to prove that in this case 
also the waste is only ap])arent. Such proof wo\dd be forthcoming 
if it could be shown that the means by which reduction is brought 
about in eggs is advantageous, and therefore also, cdtm panhua^ 
necessary. We sec that evcrywdiere, as far as our observation ex- 
tends, the useful is also the actual, unless indeed it is im2)Ossiblo 
of attainment or can only be attained by the aid of processes which 
are injurious to the S2)ecies. And if it be asked why germ-plasm 
is wasted in the maturation of egg-cells, the following may per- 
haps be a satisfactory answer. 

Let us suppose that the necessary reduction of the germ-plasm 
does not take place by the sei)aration of the second i)olar body, but 
that it happens during the first division of the first primitive-germ- 
cell which is found in the embryo, so that the two first egg-cells 
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resultini^ from this division would already contain only half the 
number of ancestral ^erm-plasms from the father and the mother, 
contained in the fertilized e^f]^-cell. In this case the main object, 
the reduction of the ancestral ^erm-plasms, would be gained by a 
single division, and all the succeeding nuclear flivisions, causing the 
multiplication of these two first germ-cells, might take place by 
the ordinary form of nuclear division, viz. ‘equal division.’ But 
perhaps nature not only cares for this one main object alone, but 
also secures certain secondary advantages at the same time. In the 
case which we have supposed the egg-cells of the mature ovary 
would only contain two different combinations of germ-plasm, 
which we may call combinations y/ and B, Even if millions of 
egg-cells were formed, every one of them would contain either A 
or /i, and hence (at least as far as the female pronucleus is con- 
cerned) only two kinds of individuals could arise from such eggs — 
viz. offspring //' and . All the offspring //' would be as similar 
to one another as identical twins, and the same would be true 
of offspring 7f. 

But if the rcoth instead of the 1st embryonic gorm-eoll entered 
u))on the ‘ reducing division,’ a hundred colls would undergo this 
division at the same time, and thus two hundred different com- 
binations of ancestral germ-plasm would arise, and two hundred 
different kinds of germ-cells would be found in the mature ovary. 
A still greater number of different combinations of hereditary ten- 
dencies would arise if the ‘ reducing division ’ occurred still later ; 
but undoubtedly the diversity in the composition of the germ- 
plasm must be greatest of all when the ‘ reducing division ’ does 
not take place during the period in which the germ-cells undergo 
multiplication, but at the end of the entire course of ovarian 
development, and separately in each full-grown mature egg ready 
for embryonic development. In such a case there will be as many 
different combinaf ions of ancestral germ-plasms as there are eggs, 
for, as I have shown above, it is hardly conceivable that such a 
complex body as the nuclear substance of the egg-cell — composed 
of innumerable different units — would ever divide twice in pre- 
cisely the same manner. Every egg will therefore contain a 
somewhat different combination of hereditary tendencies, and thus 
the offspring which arise from the different germ-cells of the sam 3 
mother can never be identical. Hence by the late occurrence of the 
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‘ reducino' division ’ the greatest possible variability in the offspring 
is secured. 

If my interpretation of the second polar body be accepted, it 
is obvious that the late occurrence of the ‘reducing division^ is 
proved. At the same time we receive an explanation of the ad- 
vantage gained by the postponement of the reduction of the germ- 
plasm until the end of the ovarian development of the egg ; 
because the greatest possible number of individual variations in 
the offspring are produced in this way. 

If I am not mistaken, this argument lends additional support to 
the idea which I have ])reviously propounded, — that the most 
im2)ortant duty of sexual rc})roduction is to preserve and con- 
tinually call forth individual variability, the foundation upon which 
the translbrmation of s])ecies is built h 

But if it be asked whether the post])onemcnt of the ‘reducing 
division ’ to the end of tlie ovarian dcvelo])ment of the egg is incon- 
sistent with the ])reservation of the otherhalf of the dividing nucleus, 
I should be inclined io I'eply that a ‘ r(‘dueing division ’ of the 
mature egg, resulting in the ])roduction of two eg^gs, was probably 
the phyletic precursor of the present condition. 1 imagine that the 
division of the mature egg-cell — although it is now so extremely 
unequid — was e(jual in very remote times ; but that for reasons of 
utility, connected with the specialization of the eggs of animals, it 
gradually became more and more unecjual. It is now hardly pos- 
sible to give in detail the various reasons of utility which have 
brought about this condition, but it may be assumed that the 
enormous size attained by many animal egg*-cells has been espe- 
cially potent in producing the change. 

A careful consideration of this last point seems to me to be 
demanded by a comparison of the egg-cells with the male germ- 
cells. Just as the female germ-cells of animals are distinguished 
by the attaiiimei^t of a large size, the male germ-cells are generally 
remarkable for their minute proportions. In most cases it would 
be physiologically impossible for a large egg-cell, rich in yolk, to 
attain double its specific size in order to undergo division into two 
ecpial halves and yet to remain of the characteristic size. Even 
without the additional difficulties imposed by the necessity for such 

^ See the preceding Essay on ‘The Significance of Sexual Keproduction in the 
theory of Natural Selection.’ 
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a division, all means — such as cells used as food, or the passage of 
food from follicular cells into the ovum, etc. — are employed in 
ord(‘r to bring the egg-cell i.o the grc'atest attainable size. Fur- 
thermore, the ‘ reducing division ’ of the nucleus cannot take place 
before the egg has attained its full size, because the ovogenetic 
nucleoplasm still controls the egg-cell, and must be removed before 
the germ-plasm can regulate its development. By arguments such 
as these I should attempt to render the whole subject intelligible. 

But the case is (uitirely different with the sperm-cells, which 
are generally minute: lu'rc it is quite conceivable tliat a ‘re- 
ducing division’ of fhe nuclei may talce ])lace by an equal division 
of the sj)erm-cells, occurring towards the end of the period of their 
formation ; that is to say, in such a way that both products of 
division remain sperm-cells, and neither of tliem .perishes like the 
polar bodies. Jhit the other possibility also demands consideration, 
viz. that the reducing division may occur at an earlier stage in the 
develo]>Tnent of sperm-cells. At all events, tlu' arguments adduced 
above, which j)rovcd that the consequence would be a want of vari- 
ability in the egg-cells, would not ap])ly to an equal extent in the 
case oi‘ the male germ-cells. Among the egg-cells it may be very 
important that each one should have its special individual cha- 
racter, produced by a somewhat different composition of its gerni- 
])lasm, inasmuch as a, considerable ju’oportion of the eggs frequently 
developes, although this is never the case with all of them. But 
the production of sperm-cells is in most animals so enormous that 
only a very small percentage, can be used for fertilization. If, 
therefore, e. g. ten or a hundred spermatozoa contained germ-plasm 
with exactly the same composition, so that, as far as the paternal 
influence is concerned, ten or a hundred identical individuals would 
residt if they were all used in fertilization, sueh an arrangement 
w'ould be practically harmless, for only one spermatozoon out of an 
immense number w^ould be employed for this purpose. From* this 
point of view we might expect that the ‘ reducing division ’ of the 
sperm-nucleus would not take place at the end of the development 
of the sperm-cell, but at some earlier period. There is no necessary 
reason for the assumption that this division must take place at the 
end of development, and without some cause natural seh'ction can- 
not operate. It is, of course, conceivable that the causes of other 
events may also involve the occurrence of this division at the end 
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of developmont ; but we do not at present know of any siicli causes. 
I should not consider the inlluence of the specific liisto^cnetic 
nucleoplasm, i.e. the sperniato<»*enet.ic niieleo])lasiu, to bo such a 
cause, because the (piantitative proportions are very diilcrent from 
those which obtain in the formation of eo-o--eells, and because it is 
not inconceivable that the small (piantity of true ^orm-plasm 
which must be present in the nuclei of the s])erm-cells at every 
stHtr-e in their format.ion niipfht enter u])on a ‘ reducing' division ^ 
with the spermato^enetic micleo])lasm, even wlum the latter pre- 
ponderated. 

As soon as we can rccoo;*nize with ceiiainty the forms of miclear 
division which are ‘reducing’ divisions,’ the (juestion will be settled 
as far as s])crmatog*encsis is concerned. It has boon already estab- 
lished that various forms of mielear division occur at different 
periods of spermatogenesis. T make this assertion, not only from 
my OAvn observations, but also from observations which liavc been 
made and insisted ujion by others. Thus, van lleneden and .Tulin ^ 
stated in 1884 that direct and karyokiiudici nuch'ar divisions 
alternate with each other in the spermatogenesis of Amiris merjalo- 
cqiha/a. Again, Carnoy^ distinctly states that the diderent cell- 
generations in the same testis may not uncommonly exhibit con- 
siderable ditfercnces as regards karyokinesis. ‘ This may go so lar 
that direct and indirect division may proceed simult.aneously.’ 
Platncr^', in his excelh’iit ])aper on karyokinesis in Lepidoptera, 
also points out tiiat the karyokinesis of t.hc sj)ermatocytes is 
essentially different from that of the sj)crmatogonia. According 
to his description, the latter form may be very well interpreted as 
a ‘ reducing division,’ for no equatorial ])late is formed, and tlic 
chromatin rods (or granules, as they are better called in this case) 
remain from tlui first on both sides oi* the cfjuatorial plane, and 
finally unite at the o})])ositc ])olcs to form the two daughter-nuclei, 
furthermore, if Carnoy has correctly observed, the form of karyo- 
kinesis which I have previously interpreted as a ‘ reducing division ’ 
occurs in the sperm -mother-cel Is — a karyokinesis in which the 

* E. van Deneclen and Julin, ‘ La Speniiatog(!;iiesc chez rAscaridc irirgalocdphale.’ 
Bniasela, 1884. 

Carnoy, ‘ La (Jytodii'rf-se chez lea Arthropodes.’ 

Gustav Platner, ‘ Die Karyokirie.se bci den Lepidopteren als Grimdlage fur eine 
Theorie der Zelltheilnng.’ Jnternation. Monat.s.schrift f. Anatomic und Histologie, 
Bd. HI. Ileft 10. Leipzig, 1886. 
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chromatin rods cither do not divide longitudinally, or else divide 
in this way after they have left the efjuatorial plate and are 
proceeding* towards the poles. Carnoy does not himself attach any 
special importance to these observations, for be only considers 
them as proofs that the longitudinal splitting of the loops may 
occur at various ])criods in diflerent species — either at the ecpiator, 
or on the way towaixls the poles, or even at the poles themselves. 
We cannot conclude from the author's staiements whether this 
form of nuclear division only occurs in a single cell -generation 
during sperniatog(*nesis, as it must do if it really represents 
a ‘ reducing division.’ Until this point is settled, we cannot 
decide with certainty whether the described form of karyokinesis 
is to be considered as the ‘reducing division’ for which we arc 
H(M‘king. hr(‘sh investigations, urulertaken from these points of 
view, are necessmy in order to settle the ([lu'stion. It would be 
useless to siuik further sui)port for the theory hy going* into further 
details, and by critically examining th(5 numerous observations 
uj)on s])ei*matogen(‘sis which have now been recorded. 

I will only mention that among the various nuclei and other 
bodies in ditferent animals which have be(‘n considered by different 
observers as the j)olar bodies of tlui sperm-c(*lls, or the cells which 
form the latbn* — in my opinion the ])aranucleus (‘ Nebe^nkcrn ’) of 
the ‘ spermatides ’ described by La Valette St. George^ has the 
highest claim to be considered as the homologue of a 2 )olar body. 
But T am inclined to ident.iiy it with the first rather than the 
second polar body of tihe egg-cells, and to regard it as the histo- 
genetic part of the nucleoplasm which has been expelled or 
rendered powerless by internal transformations. 1here are two 
reasons which lead me to this conclusion : first), as 1 have tried to 
show abov^e, it is ])robablc that the ancestral g*erm-plasms are not 
removed by expulsion, but by means of ecpial cell-division ; 
secondly, my theory asserts that the histogenetic nucleoplasm 
cannot be rendered powerless until the close of histological differ- 
entiation. 

The whole (piestion of the details of the transformations under- 
gone by the nucleus of the male germ-cells is not ready for the 

^ La Valette St. George, ‘ Ueber die Genese der Saiiieiikdrper.’ Fiinfte Mittheilnng^ 
Die {Speniiatogenese bei den Saugethieren und dem Menschen,’ Arcliiv f. mikrosk. 
Auat. Bd. XV. 1878. 
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expression .of ;i mature opinion. From tlic very numerous and 
mostly minute and careful observations wliieli Lave been hitherto 
recorded, we cannot conclude with any degToe of certainty when 
and how the ‘ reducing* division ’ of the nucleus takes place, nor can 
we decide u])ou the processes which signify tlic purification of the 
germ-plasm from the merely histogcnctie part ot the nucleoplasm. 
But perhaps it has not been without value as regards future in- 
vestigation that I have tried to apply to the male germ-cells the 
views gained from our more certain knowledge of the corresponding 
structures in the female, and thus to indicate the problems which 
now chiefly demand solution. 

IV. The Foreeoing Considerations Acri iEn to Plants. 

It remains to briefly consider the case of plants. Obviously, the 
‘ reducing division ^ of the germ-nuclei, if it takes pla(;e at all, 
cannot be restricted to the germ-cells of animals. 1^1u*ro must 
be a corres])onding ju’ocess in planfiS, for sexual r('j)roduction is 
essentially the same in both kingdoms ; and if fertilization must 
be preceded by the expulsion of half the number of ancestral germ- 
plasms from the eggs of animals, the same necessity must hold 
in the case of jilants. 

But whether the process always takes place in the form of i)olar 
bodies, and not ])crha])s principally, or al any I'ate fiCMpicntly, in 
the form of c([ual cell -division, is another (piestion. It is true that 
polar bodies occur in numerous ])lants, a.s wo chiefly know from 
Strasburger’s researches^. Strasburg*er shows that cells are se- 
parated by division from the germ-cells, and ])crish. But it seems 
to me doubtful whether we must always regard their fornuition as 
the removal of half the number of ancestral germ-plasms rather 
than the histogenetie nucleoplasm of the germ-cell. It ap])cars to 
me that histogenetie nucleojdasm must be presimt in the highly 
differentiated vegetable germ-cells, especially in the male cells, and 
also that it must be removed during the maturation of the cell, if 
my idea of the histogenetie nucleoplasm be accepted. It is very 
possible, as I have already mentioned, that theni may be quite 
indifferent germ -cel Is, viz. cells which arc entirely without specific 
histological structure, and in such cases histogenetie nucleoplasm 


^ 1. c., p. 92. 
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would be absent; and during* the maturation of such, germ -cells 
no polar body would*be formed for its removal. This view accords 
with the fact that polar bodies are absent in many plants. Further- 
more, I am far from maintaining that in the cases where polar 
bodies occur, they must have the above-mentioned significance. 
I only wish to point out that the reduction assumed to be neces- 
sary for the nucleus of the vegetable germ-cells is not necessarily 
to be sought for at the close of their maturation, but perhaps even 
more frequently in an erjual division of the germ-cells during some 
period of their development. 

It also seems to me to ])e not impossible that a number of these 
vegetative ‘ polar bodies ' may have an entirely difiereiit signifi- 
cance, viz. to perform some s])ecial function accessory to fertiliza- 
tion, as in the so-called ‘ ventral canal-cells ’ of the higher crypto- 
gams and conifers. As we know that even the two polar bodies 
of the animal egg are not identical — although externally they are 
cxtroimdy similar, and although they arise in a precisely similar 
nuinner — I am even more inclined than before to consider that 
the very various ‘polar bodies’ of plants possess very dilferent 
meanings. 

But T do not feel justified in criticizing in detail the results of 
botanical investigation. T * must leave the decision of such ques- 
tions to botanists, and I only desire io state distinctly that a ^re- 
ducing division ’ of the nuclei of germ-cells must occur in plants 
as well as in animals. 


V. Conclusions with becmri) to Heredity. 

The ideas developed in the preceding ])aragra])hs lead to remark- 
able conclusions with regard to the theory of heredity, — conclusions 
which do not harmonize with the ideas on this subject which have 
been hitherto received. For if every egg expels half the number of 
its ancestral germ-plasms during maturation, the germ-cells of the 
same mother cannot contain the same hereditary tendencies, unless 
of course we make the supposition that corresponding ancestral 
germ-plasms are retained by all eggs — a supposition which can- 
not be sustained, kbr when wc consider how numerous are the 
ancestral germ-plasms which must be contained in each nucleus,' 
and further how improbable it is that they are arranged- in 
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precisely tlie same manner in all G;*erm-cells, and finally bow in- » 
credible it is l.hat the nuclear tlircad sliould always be divided in 
exactly the same place in form corrospondino* loops or rods, — we are 
driven to the conclusion that it is quite impossible for the ‘ re- 
dueino;- division ’ of the nucleus to take place in an identical manner 
in all the ^•erm-cells of a single ovary, so that the same ancestral 
germ-plasms would always b(' removed in the polar bodies. Hut if 
one group of ancestral germ-plasms is expelled from one egg, and a 
different group from another egg, it follows that no two eggs can 
be exactly alike as regards i.lieir contained hereditary tendencies : 
they must all differ. In many cases the difleronces will only be 
slighi., that is, when the eggs contain very similar combinations of 
ancestral germ-plasms. Under other circumslances the diflerences 
will be very great, viz. when the combinations of ancestral germ- 
plasms retained in the egg arc very different. I might here mention 
various other considerations ; but this would lead me too far from my 
subject, into new tlieories of heredity. 1 hope to be able at some 
later period to developc further the theoretical ideas which are 
merely indicated in the })resent essay. I only wish to show that the 
consequences which follow from my theory u])on the second division 
of the (‘gg*-nucleus, and the formation of the second ])olar body, 
are by no means opposed to the facts of heredity, and even explain 
them better than has hitherto b(‘(*n ])ossible. 

The fact that the children of the same parents are never entirely 
identical could hitherto only 1)C rendered intelligible by the vague 
suggestion that the lu'reditary tendencies ol' tlu' grandfatlier pre- 
dominate in one, and those of the grandmother in another, while 
the tendencies of the great-grandiiithor ])redominate in a third, 
and so on. Any further ex})lanation as to why this should hap])(m 
was entirely \vantiiig. Others even looked for an exjdanation 
to the different inllucnces of nutrition, to which it is pcirfcctly 
true that the egg is subjected in the ovary during its later de- 
velopment, according to its position and immediate surroundings. 

I had myself referred to these influence's as a partial explanation 
before 1 recognized clearly how extremely feebhj and powerless are 
the influences of nourishment, as compared with hereditary ten- 
dencies. According to my theory, the differences between the 
• 

' Weismann, ‘ Stiidien ziir Descendenztheorie,^ ii. p. 306, Leipzig, 1876, translated 
by Meldola ; see ‘ Studies in the Theory of Descent,’ p. 6So. 
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(•children of the same j)arents become intelligible in a simple manner 
from the fact that each maternal germ -cell (I shall speak of the 
paternal germ-cells later on) contains a peculiar combination of 
ancestral gcrrn-plasms, and thus also a peculiar combination of 
hereditary tendencies. These latter by their co-operation also pro- 
duce a dilferent result in each case, viz. the oflsi)ring, which are 
characterized by more or less ])ronouncod individual peculiarities. 

But the theory which explains individual differences by referring 
to the ine((uality of gerin-cells, may be proved with a high degree 
of probability by an a])])eal to hicts of an op])osite kind, viz. by 
showing that ideni.ity between ollspiing only occurs when they have 
arisen irom iJie same egg-cell. It is well known that occasionally 
some of the children of the same parents appear to be almost exactly 
alike, but such children arc without exce})tion twins, and there is 
every reason to believe that they have been dciived from the mwe 
egg. In other words, the two children are exactly alike because 
th(‘y have arisen Irom the same egg-cell, which could of course only 
contain a single combination of ancestral germ-plasms, and there- 
fore of hereditary tcndeiieicsh The factors which by their co- 

1 ‘ The similnr concliiHioii that identical ova lead to tlie appearance of identical 
individuals waa drawn from the same data by Francis Galton in 1875. See ^'The 
liistory of tlie 'Jhvina, as a criterion of the relative ])owera of Nature and Nurture,* 
by Francis (Jalton, F.R.S., Journal of the Anthropological Institute, 1875, p. 391 ; 
also by the same author, ‘ Short Notes on Heredity, etc. in Twins,’ in the same 
Journal, 1875, p. 325. 

IJie author investigated about eighty cases of close similarity between twins, and 
was able to obtain instructive details in thirty-five of these. Uf the latter there were 
no less than seven cases ‘ in which both twins sutiered Irom some special ailment or 
had sonic exceptional peculiarity;’ in nine cases it appeared that ‘ both twins are 
apt to sicken at the same time ; ’ in eleven cases there was evidence for a remarkable 
association of ideas ; in sixteen eases the tastes and dis])ositions were described as 
closely similar. These points of identity are given in addition to the more super- 
ficial indications jiresentod by the failure of strangers or even parents to distinguish 
between the twins, A very interesting jiart of the investigation was concerned with 
the after-lives of the thirty-five twins. ‘ In some cases the resemblance of body and 
mind had continued unaltered up to old age, notwithstanding very different con- 
ditions of life,’ in the either cases ‘the parents ascribed such dissimilarity as there 
was, wholly, or almost wholly, to some form of illness.’ 

The conclusions of the author are as follows : ‘ Twins who closely resembled each 
other in childhood and early youth, and were reared under not very dissimilar con- 
ditions, either grow unlike through the development of natural characteristics which 
had lain dormant at first, or else they continue their lives, keeping time like two 
watches, liardly to be throAvn out of accord except by some physical jar. Nature is 
far stronger than nurture within the limited range that I have been careful to assign 
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operation controlled the consl.nietion of tlie or^-anism were the 
same, and eonse([nently the results were also the same.* Twins 
derived from a single egg are identical : this is a statement which, 
although not mathematically proved, may be looked u])on as nearly 
certain. But there are also twins which do not possess this high 
degree of similarity, and these arc even far commoner than the 
others. The explanation is to be found in the fact that the latter 
were derived from two egg-cells which were fertilized at the same 
tiTne. In most cases, indeed, each twin is enclosed in its own 
embryonic membranes, while much less frequently both twins are 
enclosed in the same membranes. In one ])oint only the proof is 
incomplete ; for it has not yet been shown that idcmtical twins are 
always derived from a single egg, since such an origin, together with 
a high degree of similarity, could only be established as occurring 
together in a small proportion of the cases. We tluM-efore sec that 
under conditions of nutriment which are as identical as possible, 
two egg-cells dcvclopc into unlike twins, one into ichml ical twins ; 
although we cannot yet alHrm that the latler result invariably 
follows. It is conceivable that the stimulus for the production of 
two eggs from one may be afforded by the entrance) of two sper- 
matozoa, but these latter, as was shown above, could hardly contain 
identical hereditary tendencies, and thus two identical twins would 
not arise. It ap])ears indeed that some cases have been observed 

to the latter.’ Aud a^ain, ‘where tho maladies of twins are continually alike, tho 
clocks of their two lives move ret^nlarly on, and ;it tlie same rate, ^^overned hy their 
internal mechanism. Necessitarians may derive new arguments from tho life 
histories of twins.’ 

The above facts and conclusions held for twins of tho same sex, of which at 
any rate the majority are shown by Kleinwiicliter’s observations to have been 
enclosed in the same embryonic membranes, and therefore presumably to have 
been derived from a single ovum ; but in rarer cases the twins, although also 
invariably of the same sex, were marked by remarkable difiorencos, greater than 
those which usually distinguish children of the same family. Mr. (lalton met with 
twenty of these cases. In such twins tho comlitions of training, etc. had ))een 
as similar as possible, so that the evidence of the power of nature over nurture is 
strongly confirmed. Mr. Oalton writes, ‘T have not a single case iii which my cor- 
respondents speak of originally dis.similar characters havi?ig become assimilated 
through identity of nurture. The impression that all this evidence leaves on the 
mind is one of wonder whether nurture can do anything at all, l)ey<md giving in- 
struction and professional training.’ 

^ The fact that twins produced from a single ovum seem to be iTivariably of tlie 
same sex is in itself extremely interesting, for it proves that the sex of the individual 
is predetermined in tho fertilized ovum. — E. H. 1’.] 
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in which differences have been exhibited by twins which were en- 
closed in the same embryonic membranes ; but nevei-theless I be- 
lieve that two spermatozoa are not necessary to cause the formation 
of twins by a single We know, it is true, from the investi- 

gations of k'oP, that multiple imju’e^nation produces the simul- 
taneous bcG^innin^ of several embryos in the ei^f^s of star-fishes. 
But several embryos and youn^ animals are not developed in this 
way, for embryonic development soon ceases, and the dies. 

The recent observations of Born ^ upon the of the frog* also 
make it very probable that a double development is produced by 
the entrance of two sj)ermatozoa into the cg*g*, but here also only 
monstrosities, and not twins, were produced. On the other hand, it 
has been shown that in birds twins may be produced from the same 
eg'g*, and there is no reason for the belief that their ]) reduction is 
due to multi])le impr(‘g'nation. But if it may be assumed that human 
twins, when identical, have been derived from a single it seems 
to me to be extremely ])robablo that fertilization was also elfcctedby 
a sing’le sperm-cell. We cannot understand how such a lug'll degree 
of similarity could have been ])roduccd if two sperm-cells had been 
made use of, lor wo are compidled to assume that two such cells 
would very rariily contain ideni.ieal germ-plasms. 

It is most probable that thi5 egg-nucleus coalesces with the 
nucleus of a single spermatozoon, but the resulting segmentation- 
nucleus divides together with the cell-body itself, without the 
occurrence ol those ontogenetic changes in the germ-plasm which 
normally take place. Tlic nucleoplasm of the two daughter-cells 
still remains in the condition of germ-plasm, and its ontogenetic 
transformation begins afterwards — a transformation which must of 
course proceed in the same way in both cells, and must lead to the 
production of identical odspring. This is at least a possible ex- 
planation which we may retain until it has been either conlirmed 
or dis])roved by fresh observations, — an explanation which is more- 
over supported by the well-known process of budding in the eggs 
of lower animals. 

^ Fol, ‘ Reclierchea sur la fc^uondation et le coniiuenceineiit de I’heiiogenie.’ Gentjve, 
Biile, Lyon. 1879. 

^ Born, ‘ Ueber Do})pelbilduugeu beim Froscli uud dereu Entsteliung.’ Breslauer 
urztl. Zeitschrift, 1SS2. • 
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VI. ReCAPITULA'ITON. 

To brini^ toji^cther shortly tlie results of this essay: — the funda- 
mental fact upon which everything else is founded is the fact that 
tiGO polar bodies arc expelled, as a preparation for embryonic develop- 
ment, from all animal e^‘ii[*s wliieh require fertilization, while only 
one such body is expelled from all partheno^eiietic ei^^i^'s. 

This fact in the first place refutes every purely morpholoodcal 
e:iplanation of the process. If it were physiol o^^^ically vahudess, 
such a phyletic reminiscence of the two successive divisions ot the 
e^*g*-nueleus must have been also retained by the parthcnoiL>Tnetic 

In my opinion the ex])ulsion of the first polar body im2)lies the 
removal of ovoii^enetie nucleoidasm when it has become superfluous 
after the maturation ol the e^’^ has been com2)leted. The expulsion 
of the second polar body can only mean the removal of 2)art of the 
g’erm-2)lasm itself, a removal by which the number ol ancestral 
g'erm-plasms is rcdiuaid to oiui hall. This nMluction must also 
tcake 2)lace in the male <»'erm-cells, althoiu»*h we are not able to 
associate it conlidently with any ol the histological 
sj)crmatog*cncsis which have been hitherto observed. 

Parthenoi»*enosis takes •2)lace when the whole of the ancesf.ral 
g‘erni-2)lasms, inherited from the parents, are rctaiiu'd in the nucleus 
of the e,<‘’.o*-cell. Devchqjment by fertilization juakes it necessary 
that half the number oi* these ancestral «*crm-2)lasms must be first 
expelled from the the ori<;-inal quantity beino’ a.i^-ain restored by 
the addition of the sjierm-nucleus to the remaining* half. 

In both cases the beoinnin,<>- of embryo^-enesis dei)ends upon the 
presence of a (certain, and in both cases ecpial, (juantity ol <»*erm- 
plasm. This certain ({uantity is produced by the addition of the 
sperm-nucleus to the e^-g* requirin^^ fertilization, and the bt‘0‘innino' 
of embryonfene.-is immediately follows fertilization. Tin; jiartlieno- 
genetic eg’g* contains within itself the necessary ([iiantity of germ- 
2)lasm, and the latter enters U2)0n active development as soon as the 
single 2^Dlar body has removed the ovogenetic nucleo2)lasm. The 
question which I have raised on a iirevious occasion — ‘ When is the 
j)arthenogcnetic egg capable of develo2>nient ?’ — now admits of 
tjie precise answer — ‘ Immediately after the expulsion of the polar 
body.’ 
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From the preceding facts and considerations the important con- 
clusion results that the germ-cells of any individual do not contain 
the same hereditary tendencies, hut are all different, in that no two 
of them contain exactly the same combinations of hereditary ten- 
dencies. On this fact the well-known differences between the 
children of the same j)arcnts depend. 

But the deeper meaning of this arrangement must doubtless be 
sought for in the individual variability which is thus continuously 
kept up and is always being forced into new combinations. Thus 
sexual reproduction is to be cx])lained as an arrangement which 
ensures an ever- varying su})ply of individual differences. 
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ON THE SUPPOSED BOTANICAL PROOFS 

OF THE 

TRANSMISSION OF ACQUIRED CHARACTERS. 

In a lecture on heredity, delivered in 1883^ I first brought 
forward the opinion that accpiired characters cannot be transmitted; 
and I then stated that there are no proofs of such transmission, 
that its occurrence is theoretically improbable, and that we must 
attempt to explain the transformatio of species without its aid. 
Since that time many biologists have expressed their opinions 
upon the subject, some of them agreeing with me, while others 
have taken the opposite side. It is unnecessary to allude to those 
who have attacked my opinions without first understanding the 
real point in dispute, which turns upon the true meaning of the 
phrase ‘ accpiired character/ 1 think it is now generally admitted 
that a very important problem is involved in this question, the 
solution of which will contribute in a d('cisivc manner towards 
the formation of ideas as to the causes which have produced the 
transformation of species. For if acquired characters cannot be 
transmitted, the Lamarckian theory completely collapses, and we 
must entirely abandon the principle by which alone Lamarck 
sought to explain the transformation of species, — a principle of 
which the application has been greatly restricted by Darwin in 
the discovery of natural selection, but which was still to a largo 
extent retained by him. Even the a})i)arcntly ])Owei’ful factors 
in transformation — the use and disuse of organs, the results of 
practice or neglect— cannot now be regarded as possessing any 
direct transforming influence upon a species. And the same is 
trye of all the other direct influences, such as nutrition, light, 

^ See the second Essay ‘ On Heredity.’ 

C c 2 
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moisture, and that combination of different influences which we 
call climate. All these, with use and disuse, may perhaps produce 
^reat ellccts upon the ])ody [soma) of the individual, but cannot 
produce any effect in the transformation of the species, simply 
becausci they can never reach the ^crm-cclls from which the 
succeeding* <^eneration arises. But if — as it seems to me — the 
facts of the case coni])eI us to reject the assumption of the trans- 
mission of ac([uired characters, there only remains one principle 
by which we can explain the transformation of species — the 
direct alteration of the ^*erin-])lasm, howev^er we may imag'ine that 
su(*Ji alterations have been produced and combined to form useful 
modifications of the body. 

41ie dilliculty of iinderstandin«* these processes of transformation 
is by no means li<»‘htencd by abandoning* the Lamarckian theory, 
^riio dinic.uhy in fact becomes mucii j[»‘reater, for we are now com- 
])(*lled to seek a dillercnt explanation of many phenomena which 
W(ire previously beli(;vcd lo be understood. But this can hardly be 
regarded as a reason lor not accepting* the view: for we are in 
want ol‘ a correct explanation rather than one which is easy and 
convenient. W^c seek truth, and when W(‘ recognize that our 
path is leading in a. wrong direction, wc must leave it and take 
anotiier road evin if it presents more dilficulties. 

My theory rests, on tlio one hand, upon certain theoretical con- 
siderations which will bo mentioned below, and which I have 
att(5m])ted to develojio in ])revious pa])ers h On the other hand, it 
rests upon the want t)f any actual proof of the transmission of acquired 
charactiu’s. My i.heory might be disproved in two ways, — either 
by actually ])roving that ac({uired characters are transmitted, or by 
showing that certain classes of phenomena admit of absolutely 
no explanation unless such characters can ])e transmitted. It 
will be admitted, however, that we must be very cautious in 
accepting proofs of this latter kind, for the inqiossibility of ex- 
plaining a given phenomenon may be merely temporary, and may 
disapjiear with the prog'rcss of science. No one could have explained 
the useful adaptations so common in animals and plants, before the 

‘ Uonanlt ‘Uebor die Vererbung/ Jena, iSS^; ‘Die Kontinuitilt des Keiin- 
plasmas, Jena, 18S3 ; ‘ Uober die Zahl dev Riclitungskbrpcr iind iiber ihre Be(^u- 
tung tuv die Vererbimg,’ Jena, 18S7. These papers are translated as the second, 
fourth and sixth l.ssays in tlie present volume. 
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li^ht of the theory of natural selection had fallen on these pheno- 
mena; at that time we should liavc l)een far from right if we 
had assumed that organisms possess a ])ower which causes them 
to respond to external influences by useful nmdifications, a power 
unknown elsewhere, entirely unproved and only su])]X)i‘ted by the 
fact that at that time it did not seem possible to explain the 
phenomena in any other way. 

Although my theory has not been disproved, I will nevertheless 
attempt to bring into furt her accordance with it certain ])henomena 
which seem at first sight to oppose it. I first began to take this 
course in my paper ‘ On Heredity h’ Tn that paper .1 at.tnmptcd fo 
show how the fact tliat disused organs become rudimentary may 
be readily explained without assuming the transmission of acquired 
characters ; and also that the origin of instincts may in all cases 
be referred to the pro(jess of natural selection^, although many 
observers had followed Harwin in explaining them as inherited 
habits, — a view which becomes untenable if the habif.s adopf.t‘d 
and practised in n single life cannot be transmiib^d. 

Other phenomena wliich app(‘ared to i)resent didlculties were 
also considered and broughi. into accordance with the theory, and 
I think that 1 have been successful in showing that adequate and 
simple exjdanations may be given. 

There certainly reimnn many phenomena which seem to be 
o])posed to my tlicory and for which a new explanation must be 
found. Thus llomanes'\ following Herbert Spencer"^, has recently 
])ointed to the ])henomena of correlation as a j)roof of the trans- 
mission of acquired characters ; but, at no distant time, 1 hope to 
be able to consider this objection, and to show that the apparent 
support given to the old idea is in reality insecure and breaks 
down as soon as it is critically examined. I believe that 1 shall 
be able to prove that correlation cannot be used as the indirect 
proof of an hypothesis, of which all direct evidence is still com- 

* See the second Essay. 

P See K. Meldola in Ann. and Mag. Nat. Hist., 1878, vol. i. pp. 158-161. The 
author discusses many cases among insects in which instinct is related to protective 
structure or colouring : he also considers that instinct is to be explained by the 
principle of natural selection which accounts for the other protective features. — 
E. B. P.] 

• [’ See ‘ Nature,’ vol. 36, pp. 491-407. — E. B. P.] 

[* See‘‘ The Factors of organic Evolution’ in ‘The Nineteenth Century ’ for April 
and May 1886.— E. B. P.] 
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pletely wanting*. It must not be forgotten that the onus prohmidi 
rests with^ my opponents : they defend the assertion that acquired 
characters can be transmitted, and they ought therefore to bring 
forward actual proofs ; for the mere fact that the assertion has 
been hitherto acc(‘})tod as a matter of course by almost everyone, 
and has only been doubted by a very few (such as Ilis, du Bois- 
Itcymond, and Plliiger), cannot be taken as any proof of its validity. 
Not a single fact hitlierto brought forward can be accepted as 
a proof of the assumption. Such proofs ought to be found : facts 
ought to be discovered which can only be understood with the 
aid of this hy])othesis. If, for instance, it could be shown that 
artificial mutilation s])ontaneoiisly re-appears in the offspring with 
suflicicnt frequency to exclude all possibilities of chance, then such 
]:)roof would be forthcoming. The transmission of mutilations has 
been frequently asserted, and has been even recently again brought 
forward, but all the supposed instances have broken down when 
carefully examined. I think I may here safely omit all further 
reference to the proofs dependent upon transmitted mutilations, 
especially as Ddderlein^ has already, in the most convincing manner, 
disposed of the argument derived from the tailless cats which 
were so triumphantly exhibited at the last meeting of the Associa- 
tion of rrerman Naturalists 

1 now come to the real subject of this paper — the supposed 
botanical proofs of the transmission of acquired changes. The 
botanist; Detmer has recently brought forward certain phenomena 
in vegetable physiology as a support for the transmission of such 
changes, and although I do not believe that they will bear this 
interpretation, the discussion of them may perhaps be useful. I am 
even inclined to think that these and a few other phenomena in 
vegetable physiology, upon which I shall also touch, are very likely 
to throw new light upon the whole question which has been so 
frequently misunderstood. I should have preferred to leave this 
discussion to a botanist, but I do not know whether my views will 
meet with any support from the followers of this subject, and I 
must therefore attempt the discussion myself. And perhaps it is 
of some assistance in clearing up the question, for one who is not 

^ See VBiol. Centralbl.’ Bd. VII. No. 23. 

* See the next Essay (VIII). r 

^ Detmer, * Zum Problem der Vererbung,’ Pfliiger’s Archiv f. Physiologie, Bd. 41, 
(18S7), |). 203. 
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accustomed to the usual botanical views, and is more conversant 
with other classes of 1^0100*1031 knowledo-o, to consider the facts 
brought to lii^lit by modern botany, from a <^enoral point of view. 
Of course I shall not attempt to question tlie validity of the obser- 
vations, nor even the accnmcy with which the facts have been 
interpreted. I shall only deal with the conclusions which may be 
drawn from the facts, and I do not think that it is absolutely 
necessary that such criticism should be made by a botanist. 
Uuestions of general biological significance such as that of heredity 
cannot be entirely solved within the single domain of cither 
zoological or botanical facts. Both botanists and zoologists must 
give due weight to the facts of the province which is not their 
own, and must see whether the views which they have chiefly 
gained in the one province can be applied to the other, or whether 
phenomena occur in the latter which are in 0 ])position to their 
previously formed views and which cause them to be abandoned 
or modified. 

Detmer begins by bringing forward certain facts which prove, as 
he believes, that rather important changes in the organism can be 
directly produced by external influences. He is of opinion that I 
under-estimate the weight of these influences, and that 1 make light 
of the changes which may thus arise in a single individual life. 
But obviously, it is of no importance for the (juestion of the trans- 
mission of acquired characters, whether the changes directly pro- 
duced by external influences upon the mma of an individual are 
greater or smaller : the only question is whether they can be 
transmitted. If they can be transmitted, the smallest changes 
might be increased by summation in the course of generations, 
into characters of the highest degree of importance. It is in this 
way that Lamarck and Darwin have supposed that an organism is 
transformed by external influences. It is therefore interesting to 
see what Detmer considers to be a change which has been directly 
effected. We can in this way gain a very distinct appreciation of 
the difference in views which is caused by the different s])heres of* 
exf)erience which belong to botany and zoology. It will be useful 
to gain a clear idea of the differences which are thus caused. 

Detmer first alludes to the dorso- ventral structure of the shoots 
t)f Thuja occidentalism chiefly shown in the fact that the upper 
sides of these shoots contain the green palisade cells, while the 
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under sides which are turned aw^ay from the lig-ht possess green 
spheroidal (isodiamctric) cells. If the branches of Thuja are turned 
upside down and fixed in this position before the production of new 
shoots, it is found that the anatomical structure of the latter, when 
developed, is reversed. The side of the shoot which was destined 
to become the under side, but which was artificially compelled to 
become the upper side, assumes the structure of the upper side and 
devclopes the characteristic palisade parenchyma ; and on the other 
hand, the under side which was intended to become the upper side 
devclopes the s])ongy parenchyma which is characteristic of the 
under side. J^’rom these facts Dotmer concludes that the dorso- 
ventral structurii of the shoots of Thuja has resulted from the 
continual ojicration of an external force, and that the light must be 
considered as the cause of the structural change. 

Ihit sucli a conclusion obviously de])ends upon a confusion of 
ideas. No one will doubt that the light was the stimulus which 
hid i-o the reversal of the structures in the shoot, but this is a very 
difienuit thing from maintaining that it was the cause which 
eonlerrcd upon the ?7/?ya-shoot the power of producing palisade 
and s])ongy ])arenchyma. When a phenomenon only occurs under 
certain (jonditions, it does not (‘ollow that these conditions are the 
cause of the ])henomenon. A certain temperature is necessary for 
the develo])ment of a bird in the egg, but surely no one will 
maintain that the temperature is the cause of the capacity for 
such development. It is obvious that the egg has ac(juired the 
power of producing a bird chiclly as the result of a long phyletic 
course of development which has led to such a chemical and physical 
structure in the egg and the fertilizing sperm -cell, that after their 
union and development, a bird, and only a bird of a particular 
species, must be produced. But of course certain conditions must 
be fulfilled in order that such development may take jdacc ; and a 
definite temperature is one of these conilitions of development. 
Thus we may briefly say that the ph^^sical nature of the egg is the 
cause of its development into a bird, and we may similarly maintain 
that the physical nature of a 77^ /(/a -shoot, and not the influence of 
light, is the cause of the development of tissues which arc character- 
istic of the species. In the development of such a shoot the light 
plays precisely the same part which is played by temperature in the 
development of a bird : it is one of the conditions of development. 
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There is nevertheless a diflcreiice between these two cases in IJiat 
the TItvja-^\\oot jiossesses the possibility of development in two 
different ways instead of only one. The upper side of the shoot 
can assume tlie structure of the under side and vkr verm, and this 
structural reversal depends upon the way in which the lio'ht is 
thrown upon the shoot. lUit even if the liq^ht causes the structural 
reversal, does this justify us in assuming- that the sivu(;ture itself 
is also the direct consequence of the influence of light ? I see no 
reason for reiecting^ the supposition that the pliysical nature of part 
of a plant may be of such a kind that this or that structure may be 
produced according* as this or that condition of dev^olo])ment pre- 
vails. Thus with stronger light the structure of the u})per side of 
the shoot devclopcs ; with weaker light, the strucf.ure of the under 
side. But this physical nature of the T/zya-hml de])ends, like that 
of a bird’s egg, upon its phylctic history, as we must assume to bo 
the case with the germs })rodiicing all individual develo})ments. 
It is therefore quite impossible to inteiqu’c.t the reversal of the 
structure in the IVaija-i^hoot as the result of modification ])roduced 
by the direct influence of external conditions. It is an instance 
of doable adaj)tation — one of those cases in which the spc(;ifie 
nature of a germ, an organism, or a part of an organism, possesses 
such a constitution that it reacts dilicrently under the incidence of 
different stimuli. 

An entirely analogous example of reversal occurs in the climbing 
shoots of the Ivy, and is described in Sachs’ lectures on the 
l)hysiology of plants. Such shoots ])roducc leaves only on the side 
directed towards the light, and roots (which are made use of in 
climbing) only upon the o])posite side. If liowevcr the position of 
the plant be altered so that the root-bearing side is turned towards 
the light, while the leafy side is shaded, a reversal occurs, so 
that from that time the former only produces leaves, and the latter 
nothing but roots. In other words, the Ivy-shoot reacts under 
strong light with the production of leaves and under weak light 
with the production of roots, just as litmus-paper becomes red with 
an acid and blue with an alkali. The physical nature of the Ivy- 
shoot was present before the production of either structure, and was 
no more due to the action of light itself, than the physical nature 
^)f litmus-paper is due to an acid or an alkali. But this is quite 
consistent with the possession of a 2)hysical nature which reacts 
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difl[ereiitly under tbe two different conditions afforded by light and 
shade. 

No one would think of bringing forward the changes in the 
colour of the green frog (JJjfla) as a proof of the power of direct 
influences in causing structural modifications in the animal body. 
The frog is light green when it is resting upon green leaves, but it 
becomes dark brown or nearly black when transferred to dark 
surroundings. This is an obvious instance of adaptation, for the 
changes in the colour of the frog dej)end upon a complex reflex 
mechanism. The changes in the shape of the chroinatophores of 
the skin arc not produced by the direct influence of the different 
rays of light upon the body-siuface, but in consequence of the 
action of these rays upon the retina. Blind frogs do not react 
under the changes of light. Hence it is impossible that any one 
can maintain that the skin of the frog has gained its green colour 
as the direct result of the green light reflected from its usual sur- 
roundings. It must be admitted that in this and in all similar 
cases, there is only one possible exjdanation, viz. an appeal to the 
operation of natural selection. It may be objected that we are not 
here dealing, as in the Thvja and Ivy, with changes in the course 
o(‘ ontogenetic development following upon the occurrence of this or 
that external condition, but only with the different reactions of 
a mature organism. But nevertheless, cases of the former kind 
appear to be also present in the animal kingdom. 

Thus the very careful and extensive investigations of Poulton^ upon 
the colours of certain caterpillars have distinctly shown that some 
species possess the })ossibility of development in two directions, and 
that the acf.ual direction taken by the individual is decided by the 
influence of external conditions. Poulton surrounded certain larvae 
of Geometrae with an abundance of dark branches, in addition to 
the leaves upon which they fed. When such conditions prevailed 
from the beginning of larval life, the caterj)illars as they developed, 
gradually assumed the dark colour of the twigs and branches upon 
which they rested. When other larvae of the same species (and in 

Dr. Weismann is here alluding to experiments upon the larvae of JRumia Cra~ 
iaegaia. A short account of the results will be found in the Report of the British 
Association at Manchester (1887), and in ‘Nature,’ vol. 36, p. 594. I have now 
obtained similar results with many other species (see Trans. Ent. Soc., Lond. 1888, 
P- 553) i niany of the results are as yet unpublished. — E. B. P.] 
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many experiments hatched from the same hatch of egg^s) were 
similarly exposed to the green leaves of the same food-plant, they 
did not indeed become bright green like the leaves, but were in- 
variably of a much lighter colour than the other larvae, while 
many of them gained a brownish-green tint. The larvae of 
Smeriuthns ocellatus^ also possess tlie power of assuming different 
shades of green and of thus approaching, to some extent, the green 
of the plant upon which they happen to live. It is quite impossible 
lo explain the phyletic development of the green colour of these 
and other caterpillars as due to the direct action upon the skin of 
the green light reflected from the leaves upon which they sit. 
The impossibility of such an effect was pointed out long ago by 
Darwin, and also followed from my own investigations. Here, as 
in the other cases, the only possible solution is aUbrded by natural 
selection. The colour of the caterpillars has become gradually more 
and more perfectly adapted to the colour of the leaves, — and often 
to the particular side of the leaves upon which these animals rest, 
— not by the direct edect of reflected light, but by the selection of 
those individuals which were best protcctctl. Poulton’s experi- 
ments quoted above prove that certain species which occur upon 
different plants with different colours (or even in some cases upon 
the differently coloured parts of the same plant), present us with 
a further com})lication in the process of adaptation, inasmuch as 
each individual has acquired the power of assuming a lighter or 
darker colour^. The light which falls upon a single individual 


See the editorial notes by Kajdiacl Meldola, in Iiia tranHlation of Weismann’s 
‘Studies in the Theory of Descent’ (the Essay on ‘The Origin of the Markings of 
Caterpillars,’ pp. 241 and 306): also E. B. Boulton, in *Broc. Koy. Soc.,’ vol. 
xxxviii. pp. 296-314 ; and in ‘ Broc. Roy, Soc.,’ vol. xl. p. 135. — E. B. B.] 

Brofessor Mcldola first called attention to the scattered instances of the kind 
here alluded to by Brofessor Wei smann, in 1873 : see ‘ Broc. Zool. Soc.,’ 1873, j). 153. 
The author explains the relation of this ‘ variable protective colouring’ to other 
protective appearances, and he is strongly of the opinion that the former as well as 
the latter is to be explained by the action of the ‘ survival of the fittest.’ 

The validity of Dr. Weismann’s interpretation of these effects as due to adapta- 
tion, through the operation of natural selection, is conclusively proved by the follow- 
ing facts. The light reflected from green leaves l)econies the stimulus for the 
production of dark brown pigment in those cases in which the leaves constitute the 
surroundings for many months. Under these circumstances the leaves of course 
become brown at a relatively early date, and protection is thus afforded for the 
§ remainder of the period, although the dark pigment is produced before the change in 
the colour of the leaf. Instances of this kind are seen in the colours of cocoons spun 
among leaves by certain lepidopterous larvae (see ‘ Broc. Ent. Soc. Lond.,’ 1887, pp. 
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caterpillar during the course of its growth determines whether the 
lighter or darker colour shall be developed. Here therefore we have 
a case exactly parallel to that of the Thvja-^\\Qoi in which the 
palisade or spongy parenchyma is developed according to the 
j)Osition in which the shoot is fixed. 

As far as it is possi])le in the present condition of our knowledge 
to oiler any opinion uj)on the origin of sex in bisexual animals, it 
may be suggested that this problem is also ca])alJc of an essentially 
similar solution. llacjh gerni-c(il may possess the possibility oi' 
devc^loping in either of two directions, the one i‘esulting in a male 
individual, and the otlier resulting in a female, while the decision as 
to which of fhc two j)0ssible alternatives is actually taken may rest 
with the (‘xternal conditions. We must, however, include among the 
cxt(u*nal (urcumstances everything which is not germ-plasm. More- 
over, this explanation is by no means certain, and I only mention 
it as an insiaiice which, if we assume it to be correct, further illus- 
trates my views ui)on the phenomena presented by the Thvja-^iooi, 

'Hie two other facts brought forward by Detmer as proofs of 
fhc transforming power of external inlluences can be oxj)lained 
in precisely ilie same manner. These instances arc — the fact 
that Ti'opaeolwi)} when grown in moist air produces leaves with 
anatomical characters dillcrent from those produced when the plant 
is grown in dry air ; and the differences in the structure of the 
leaves of many plants, according as they have been grown in the 
sun or shade resja'ctiv^dy. Such differences do not by any means 
alford proof of the direct ])roduction of structural changes by means 
of external inihionccs. How would such an explanation be con- 
sistent with the Diet that the leaves arc^ in all these eases, changed 
in a highly ])urposeful manner ? Or is it assumed that these organs 
were so constituted from the beginning, that they are compelled 
to respond to external conditions by the jnnduction of useful 

1, li, and i8S8, p. xxviii), the cocoons of the same species being of a creamy white 
colour when spun upon white pa])er. 

(%>nvcrsoly, the light reflected from the same surfaces serves as the stimulus for 
withholding p'gment in the eases alluded to by Hr. Weismann (larvae of B. 
Crataegata, &;c.), in all of which the organism only remains in contact with the 
loaves while they are green, viz. at a time when the dark colour would be dis- 
advantageous. 

Hence jn-eidsely opposite effects are j>rodiiced by the operation of the same force 
the nature of the effect which actually follows in any case being solely determined 
by the advantage afforded to the organism. — E. 13. P.] 
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changes ? Any one who made such an assertion nowadays, or 
who even thought of such a thing as a possihility, would provo 
that he is entirely ignorant of the facts oi‘ organic nature, and 
that he has no claim to he heard upon the (piesl.ion of the 
transformation of species. The very first necessity in any scientiKc 
question is to gain acquaintance with that which has beiui thought 
and said upon the subject. And it has been fre(|uently shown 
that whole groups of useful characters cannot by any possibility 
*have been produced by the direct action of external iidluences. Jf 
a caterpillar, which hides itself by day in the crevices of the bark , 
possesses the same colour as the latter, while other caterpillars 
which rest on leaves are of a green colour, these facts cannot be 
explained as the results of the direct influence of the bark and 
leaves. And it would be even less possible to explain upon the 
same principle all the details of marking and colour by which these 
animals gain still further protection. If the iij)[)er side of the 
upper wings of certain moths is grey like the stone on which they 
rest by day, while in butterflies the under side of both wings 
which ard exposed during rest, exhibits analogous protective 
colours, these facts cannot bo due to the direct influence of tlio 
surroundings which are resembled, but, if they have arisen in any 
natural manner, they must have been indirectly produced by the 
surroundings. One may reasonably complain when compelled to 
repeat again and again these elements of knowledge and of thought 
upon the causes of transformafion ! 

Any one who remembers these things, and is aware of the 
countless number of ])urposeful chara(*ters which cannot possibly 
depend upon such direct influences, will be very cautious in yielding 
to any single instance which at first sight ai)pcars to be the direct 
consequence of external conditions. If Dctmer had been thus 
cautious ho would hardly have written the following sentence as a 
resuwe of the physiological experiments on plants which have been 
already alluded to ; ‘ In certain cases it is possible, as wc have scen^ 
to artificially modify the anatomical structure of certain parts of 
plants. In such cases the relation between the stnicturc and the 
external influences is undoubtedly clear: the latter act as the 
cause ; the anatomical structure of the members of the plant 
• is the consequence of this cause.’ A little more logic would 
have prevented the author from expressing such an opinion. 
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for, as has been already shown, it is founded on a confusion 
between the true cause of a phenomenon and one of the conditions 
which arc necessary for its production. We mif^ht as well con- 
sider the phenomena of geotropism^ hydroiropum^ and heliotropism — 
which have been established, and investigated in such a brilliant 
way by modern vegetable physiologists — as the direct results 
of the attraction of the earth, of water, and of light ; and it is 
not improbable that some botanists arc even inclined to make this 
assumption. And yet it is perfectly easy to show that this cannot' 
be the case. By geotropism we mean the power possessed by the 
parts of a plant of growing along lines which make certain 
angles with the direction of the earth’s attraction. For example, 
the chief root grows parallel with the earth’s attraction, viz. towards 
the centre of the earth, and it is described as positively geo tropic : 
conversely the main shoot grows along the same line but in an 
opposite direction, and it is negatively geotropic. But geotropism 
is not a j)rimitive attribute of the plant, and it is even now absent 
from those plants which, like many Algae, have no definite position, 
(ieotropism cannot have arisen before plants first became fixed in 
the earth. If any one were to assume that the direct influence of 
gravity, continuous through countless generations, had at length 
conferred upon the root the j)Ower of growing in a geotropic direc- 
tion, how would it b() possible to ex])laiii the fact that the shoot 
which has been under precisely the same influence has acquired the 
])Ower of growing in an exactly opposite direction ? The character- 
istic diflereiiccs between root and shoot cannot have appeared until 
the plant became fixed in the ground, and how can we imagine that 
the same influence of gravity has since that time directly produced 
the two antagonistic results of positive and negative geotropism, 
in two structures, which were originally and essentially similar? It 
should also be remembered that it is only the main root w hich 
exhibits true positive geotropism. The lateral roots form angles 
with the main root, and do not therefore grow towards the earth’s 
centre; and the same is true of the lateral shoots which grow 
obliquely, and not perpendicularly upwiirds, like the main shoot. 
Moreover the angles which the lateral roots make wdth the main 
root, and the lateral shoots with the main shoot, are quite different 
in diflbrent species. How' is it possible that all these different » 
modes of reaction witnessed in the different parts of plants can be 



TRANSMISSION OF ACQUIRKD CHARACTERS. 


399 


the direct results of one and the same external force ? It is quite 
obvious that these are all cases of adaptation. The main root has 
not acquired the power of growing perpendicularly downwards 
under the stimulus of gravity, because this force has acted upon it 
for numberless generations, but because such a direction for such a 
part was the most useful to the plant. Hence natural selection has 
conferred upon the root the power of rejecting under the stimulus of 
gravity by growing in a direction parallel to this force. For the 
main shoot, the opposite reaction was the most useful and has been 
established by natural selection, while still another reaction has been 
similarly established for the lateral roots and another for the lateral 
shoots. 

Each part of a plant has received its sj'.ecial mode of reacting 
under the stimulus of gravity because it was useful for the whole 
plant, inasmuch as the position of its dillerent parts relatively to 
one another and to the soil became thus lixed and regulated. These 
modes of reaction have become different in dilferent species, because 
the conditions of life peculiar to each recpiire special arrangements. 

The sam'e argument also holds with regard to heliotropism. 
The power of growing towards the light possessed by green shoots 
cannot be a primitive character of the plant : it must have arisen 
secondarily. If it wore an essential and original character it could 
not be reversed in certain parts of the plant ; but the roots are 
negatively hcliotropic, for they grow away IVom the light. There 
are also shoots, such as the climbing shoots of Ivy, which are simi- 
larly negatively hcliotropic. Whenever the hcliotropic ])owcr is 
thus reversed in shoots, the change is of a useful kind. Thus the 
shoots of the Ivy gain the power of clinging closely to a per])cn- 
dicular wall or to some horizontal plane In this case, however, 
it is only the shoot which is negatively heliotropic, its leaves turn 
towards the light ; and the same is true of the flower-bearing shoots 
which do not climb. All these are clearly adaptations and not the 
results of direct inlluence. The light only provides the stimulus 
which calls forth the characteristic reaction from each part of the 
plant, but the cause of each peculiar reaction lies in the specific 
nature of the part itself which has not been produced by light, but 
as we believe by processes of natural selection. If this explanation 

* Compare Sachs, ‘Lectures on the Physiology of Plants/ translated by H. 
Marshall Ward, p. 710. 
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does not account for the facts we may as well abandon all attempts 
at understanding the useful arrangements in organisms. 

Sachs has used the term animtrophm to express the fact that 
the various organs of a plant assume the most diverse directions of 
growth under the influence of the same forces, lie also states that 
anisotropism is one of the most general characteristics of vegetable 
organization, and that it is quite impossible to form any idea as to 
how plants wo\ild appear or how they could live if their different 
organs were not anisotropic. Since anisotropism is nothing more 
than the expression of diflerent kinds of susceptibility to the action 
of gravity, light, &c., it is obvious that the conflguration of the 
plant is to be traced to such sj)eeiflc susceptibilities. 

Now these specific susceptibilities cannot have been produced by 
the direct efleet of the various external influences (as was shown 
above), and the only other ])ossible explanation is to recognise them 
as adaptations, and to admit that they have arisen by the opera- 
tion of natural selection upon the general variability of plant 
organization. 

Simple as those conclusions are, I have fliiled to meet with them 
in any of the writings of botanists, and they may perhaps bo of use 
in helping to shake the vaguely-felt opinion that the characters of 
])lants are to be chiefly referred to the direct action of external 
influences. 

At all events it cannot be maintained that the phenomena of 
anisotropism support the opinion mentioned above ; and the mere 
assertion that it is highly j)robable that hereditary characters 
arise as the result of external influences, is no more than the ex- 
])ression of an unfounded individual opinion. It is remarkable that 
Detmer should make such an assertion as the outcome of his dis- 
cussion of the reversed y///y«-shoot, &c., for even if we admit that 
the dorso-ventral structure of the shoot is — as Detmer believes — 
the direct and primary effect of the action of light, the experiment 
with the reversed shoot would prove that no part of this effect 
has become hereditary. Although the upper side of the shoot 
has produced the palisade parenchyma under the influence of light 
for thousands of generations, there is nevertheless no tendency 
towards the establishment of any hereditary effect, for as soon as 
the upper side of the growing shoot is artificially transformed into; 
the under side, its normal structure is at once abandoned. Hence 
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SO far from lending any support to the assumption that acquired 
characters can be transmitted, Detmer’s experiment rather tends to 
disprove this opinion. 

I think I have sufficiently shown that Detmer’s reproach — that 
I have under-estimated the effects of external inll nonces upon an 
organism — may be fairly directed against its author. I f we can 
believe that every structural arrangement in plants, which depends 
upon certain external conditions, has been produced in a [ihyletic 
sense by these latter, it becomes very easy to explain the trans- 
formation of sj^ecies ; but in accepting such an explanation we 
are building without any foundation, for the proof that ac(][uircd 
characters can be transmitted has yet to be given. 

As a further disproof of my views Detmcr quotes the so-called 
phenomena of correlation in plants, and he believes that these 
instances help us to conceive how the acquired changes of the body 
[soma) of the jJant may also influence the sexual cells. If the 
apical shoot of a young spruce ffr be cut off, one of the lateral 
shoots of the whorl next below the section rises and becomes an 
apical shoot*: it not only assumes the orthotropic growth of such 
a shoot, but also its mode of branching. Tlu; phenomenon itself is 
well known, and I have often observed it myself in my garden 
without making any botanical exj)eriments ; lor this experiment 
is not uncommonly made by Nature herself, when the ai)ical 
shoot is destroyed by insects (for example the gall-making 
Chermes), The change of the lateral into an ajacjal shoot occurs 
here in consequence of the loss of the true ajacal shoot, and is 
therefore really dependent upon it. The only difficulty is to 
understand how these and many other kindred phenomena can 
be considered to prove the transmission of acquired characters. 
That correlation exists between the parts of an organism, that cor- 
related changes are not only common but nearly always accornj)any 
some primary change, has been perfectly well known since Darwin’s 
time, and I am not aware that it has been disputed by any one. I 
further believe that hardly any one would maintain that it is im- 
possible for the reproductive organs to be influenced by correlation. 
But this is very far from the admission that such changes would 
occur in the germ-cells as would be necessary for the transmission 
tff acquired characters. Dor such transmission to occur it would be 
necessary for the germ-plasm (the bearer of hereditary tendencies) 
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to undergo a transformation corresponding to that produced by 
the external influences ; — such a transformation as would cause the 
future organism to spontaneously dcvclope changes similar to those 
which its parent had acquired. But since the germ -plasm is not 
an organism in the sense of being a microscopic facsimile which 
only has to increase in size in order to become a mature organism, 
it is obvdous tliat the developmental tendencies must exist in the 
specific molecular structure, and perhaps also in the chemical consti- 
tution of the germ-plasm itself. It therefore follows that the changes 
in the germ-plasm which would be required for the transmission of 
an acquired character must be of an entirely different nature from 
the change itself acquired by the body of the parent plant: and 
yet it is supjjoscd that the former is produced by the latter as a 
result of correlation. I wilt illustrate this by an examjde. Let us 
suppose that the influence of climate had caused a jdant to change 
the form of its leaves from an ovate into a lobate sha])e : now such 
a change could not be transferred to the germ -plasm in the pollen 
and the ovules, as anything similar to leaves or the form of leaves ; 
for such specialized morphological features have no existence in the 
germ-])lasm. The only thing which could hap})en would be changes in 
its molecular structure which bear no resemblance to those changes 
which are im])lied by the direct alteration of the form of the leaf 
in the j>ar('ut plant. Any one who clearly appreciates this difficulty 
will hesitate in admitting the possibility of the transmission of 
acquired characters, because it is possible that the sexual cells may 
be aflected by correlated influences. If the change in the form of a 
leaf exercises any influence at all upon the gerrn-]dasm, why should 
it produce a corresponding (in the above-mentioned sense) change 
in its molecular structure ? Why should it not produce sonie other 
out of the immense number of possible changes ? There must be as 
many possible changes in the structure of germ-plasm as there are 
possible variations in each part of a plant that arises from it. Why 
then should the corresponding change always occur, — a change 
which had never previously existed in the whole phyletic develop- 
ment of the organic world ; for the plant with the latest modifica- 
tion can have never existed before ? The occurrence of a particular 
change out of the countless possible changes would be about as 
likely as if one out of a hundred thousand pins thrown out of ‘a 
window were to balance on its point when it reached the ground. 
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The assumption scarcely deserves to be called a scientific hypothesis, 
and yet it must be made by all who accept the transmission of 
acquired characters, — that is unless they adopt the hypothesis of 
pangenesis, which is quite as improbable, and which even Darwin 
did not look upon as a real, but only as a formal explanation. 

Detmer is also greatly mistaken when he sa}’s that I refuse to 
admit the transmission of acquired characters, because I am pre- 
judiced in favour of my doctrine of the continuity of the germ- 
plasm. This doctrine is either right or wrong, and there is no 
middle course ; to this extent I quite admit that I am prejudiced. 
]3ut the question as to whether acquired cliaracters can be im- 
pressed upon the germ and thus transmitted would not be by any 
means settled in this way; for even if we admit that the germ- 
plasm is not continuous from one generation to another, but that 
it must be produced afresh in each individual, this would by no 
means necessarily imply that it w^ould potentially receive and retain 
every change produced in every part of the individual, and at any 
time in its life. It seems to me that the problem of the transmis- 
sion or non-transmission of acquired characterti remains, whether the 
theory of the continuity of the germ-jdasm be acce])tcd or rejected. 

I will now proceed to examine the last group of idieiiomena 
which Detmer brings forward in favour of the transmission of 
acquired characters, lie charges me with not having taken into 
account, in discussing the ])roblem of heredity, the very important 
facts which are known about the strange phenomena of ‘after- 
effect’ in ])lants. Among these ‘aftcr-edects’ are the following. 

If vigorous plants of the sun-flower, grown in the open air, be 
cut off close to the ground and transferred to complete darkness, 
the examination of a tube fixed to the cut surface of the stem will 
show that the escape of sap does not take place uniformly, but 
undergoes periodical fluctuation, being strongest in the afternoon 
and weakest in the early morning. Now the cause of this daily 
periodicity in the flow of sap dei)ends upon the periodical changes 
due to the light to which the plant was exposed when it was 
growing under normal conditions. When plants which have been 
grown in darkness from the first are similarly treated, the flow of 
sap does not exhibit any such periodicity. 

* Another instance is as follows: — it is well known that darkness 
accelerates, while light retards the growth of plants, and therefore 
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plants usually grow more strongly by night than by day. If now 
plants are transferred from the open air into constant darkness, the 
periodicity in their growth does not immediately disappear, and 
often persists for a long time as a phenomenon of after-eflect. 

The opening and closing of the leaves of Mimosa pudica also takes 
place periodically under natural conditions, the leaves closing at 
dusk as a result of changes in the stimulus provided by the light. 
In this case also, when the plants are transferred to constant dark- 
ness, the periodicity in the movements of the leaves continues for 
several days. 

All this is certainly very interesting, and it proves that periodical 
stimuli produce periodical processes in the plant, which are not imme- 
diately arrested when the stimulus is withdrawn, and only become 
uniform gradually and after the lapse of a considerable time. But I 
certainly claim the right to ask what connexion there is between these 
facts and the transmission of acquired characters. All these peculiar- 
iti(»s produced by external influences remain restricted to the indi- 
vidual in which they arose ; most of them disappear comparatively 
soon, and long before the death of the individual. No example of the 
transmission of such a peculiarity is known. Although successive 
generations of sunflowers have been exposed for thousands of years 
to the daily alternation of light and darkness, the periodicity in the 
flow of sap has not become hereditary, and does not take place at 
all in plants which have always been kept in darkness. Detmer 
specially tells us that wc can even reverse the periods of opening 
and closing the leaves in Mimosa pudica by keeping them in dark- 
ness during the day, but exposed to light at night ; an experiment 
which was performed by Pfeffer. Here again we see the proof 
that influences which have acted upon countless generations have 
left no impression whatever upon the germ-plasm. 

Detmer himself admits this when he says tliat the after-effects 
arc only witnessed during the life of the individual, but he never- 
theless adds that he has been for many years convinced that the 
phenomena of heredity and after-effect differ in degree and not in 
kind. He even goes so far as to assert that, in spite of the obvious 
non-transiiiission of after-effect, the similarity between the natures 
of these two classes of phenomena cannot escape the intelligent 
observer. 

, It seems to me that this question does not demand the attention 



TRANSMISSION OF ACQUIRED CHARACTERS. 


405. 


of the observer (for the observations have already been made) so 
much as that of the thinker. It is not a correct train of reasoning^ 
to conclude that after-effect and heredity arc identical in nature, 
from the fact that certain periodical influences, acting* upon a single 
individual, set up periodical physiological processes which continue 
for a time after the influences have ceased to act. We might 
almost as well argue that the oscillations of a pendulum, which 
continue as after-effects when the pendulum has been set going, 
are of an identical nature with the process of heredity. All these 
phenomena have indeed this much in common : — a cause which 
acted at some time in the past, but which is no longer visible at 
the time when the phenomenon appears. But the likeness ends 
hero, and the supposed identity in nature merely depends upon wild 
speculation. One difference is very obvious, for the phenomena of 
after-effect gradually cease after the withdrawal of the stimulus, 
just like the oscillations of the pendulum, while the pheno- 
mena of heredity continue without any interruption. As far as 
heredity is concerned the physiological processes of after-effect are 
not distingdishable from any of the other well-known acepnred cha- 
racters which are recognizable as mor})hological changes. After- 
effects are not transmitted, and compared with this fact but little 
importance can be attached to the use of vague analogies by Detmer, 
who would wish to conclude that heredity is only the after-effect 
of processes which had been set going in the parent organism. 

At the end of his paper Detmer applies the ideas which he has 
gained from the consideration of after-effect to certain phenomena 
in the normal life of plants. He suggests that the periodical 
change of leaf in trees and shrubs may have been produced by the 
direct effect of climate. If branches bearing winter buds arc cut 
off in the autumn and are placed in a hot-house, with their cut 
ends in water, the buds do not at once developo, and months may 
often elapse before they begin to break. He argues that this 
experiment proves that the annual periodicity of the plant no 
longer depends directly upon external influences ; these latter pro- 
duced the periodicity at some earlier time, but it has been gradually 
fixed in the organism by after-effect and heredity (!), so that its 
disappearance does not now take place when the stimulus is with- 
drawn, and changes would only hapj^en very gradually under the 
influence of changed climatic conditions. He considers that this is 
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proved from the fact that our cherry has become an evergreen in 
Ceylon. 

Such are Detmer’s opinions, and every one will agree with him 
in believing that the periodical change of leaf in temperate climates 
has been produced in relation to the recurring alternation of summer 
and winter. This is certainly the case, and it cannot be doubted 
that the character has become fixed by heredity. Where, however, 
is the proof that l^his hereditary character has been ])roduced by the 
direct inHiience of climate? What right have we to look upon 
the hereditary ai)pcarance of the character as an after-effect of the 
direct influence exerted by changes of temperature upon previous 
generations ? Such an o})inion derives but little su])port from the 
previously described cx])eriments upon after-effect, which showed 
that these phenomena were never hereditary. 

It appears to me that there are certain points in this change of 
leaf and its accompanying ])hcnomena, which distinctly indicate 
that natural selection has been at work. Can Dctmer imagine that 
the brown scales which form the characteristic protective covering 
of winter buds have been produced by the direct action of the cold? 
If, however, ihe ix'culiar structure of these buds is to bo referred to 
the specific constitution of the individual rather than to the direct 
effects of climate, would it he so very improbable for their physio- 
logical peculiarity of lying dormant for several months to have 
been developed simultaneously with the structure, by the operation 
of natural selection? And if this explanation be correct, we can at 
once see wliy the character has become hereditary, for natural 
selection works upon variations of the germ-plasm, and these are 
tinnsfcrred from one generation to another with the germ-plasm 
itself. 

But Detmer attempts to establish the converse conclusion, and 
he argues that the hereditary change of leaf has been abandoned 
under the long-continued edect of changed climatic conditions ; 
but this opinion is based upon the single instance of the alteration 
in the habit of the European cherry in Ceylon. If it were proved 
that our cheny, grown from seed in Ceylon and propagated by 
seed for several generations, became evergreen gradually and not 
suddenly in the first generation: if, under such circumstances, it 
came to retain its leaves in the autumn and ceased to produce tht 
dormant winter buds: — then indeed the transmission of acquired 
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characters could hardly be doubted. I am not a botanist, but I 
believe I am right in supposing that the wild cherry reproduces 
itself by seeds, while the edible domesticated elieiTy is propagated 
by grafting. (Iralts arc, however, parts of the soma of a previously 
existent tree, and we are not therefore concerned, in this method 
of propagation, with a succession of generations, but with the suc- 
cessive distribution of one and the same individual over many wild 
stocks. But no one will doubt that one and the same individual 
&in be gradually changed during the course of its life, by the 
direct action of external influences. The really doubtful ])oint is 
whether such changes can be transmitt(‘d by means of the germ- 
cells. If, as I presume, the English in Ceylon do not care to eat 
wild cherries but prefer the cultivated kinds, it follows that the 
branches which bear fruit in that island have not been developed 
from germ-cells, at any time since tludr introduction, and there is 
nothing to prevent them from gradually changing their anatomical 
and physiological characters in consecpiencc of the direct influence 
of climate. 

Hence tile instance which Detmer looks u})on as plainly con- 
clusive, can hardly be accepted in support of such a far-reaching 
assumption as the transmission of ac([uired characters. 

It is therefore clear that none of the liicts brought forward by 
Detmer really afford the proofs which he believes that they offer. 
But another botanist, Professor Hoffman of Marburg, well knowui 
for his long-continued experiments on variation, has recently called 
attention to certain other botanical facts in su})])ort of the trans- 
mission of acquired characters. These facts are indeed conclusive, 
if we accept the author’s use of the term ‘ accpiired,’ but it will 
be found that they lead to hardly any modification in the state 
of existing opinion upon the subject. 

In a short note, dated Jan. i, j888, the author communicated to 
thisjournal (‘ Biologisches Cenf.ralblatt ’) the statement that changes 
in the structure of flowers caused by poor nutrition can be ju’cved 
to be hereditary to a greater or less extent h 

A more elaborate account of the ex])eriments will be found in 
several numbers of the ‘Botanischc Zeitung,’ and the author 
expresses his final rosidts in the following words (see Bot, Zeit. 
•1887, p. 773) : — ‘These experiments prove with certainty (i) that 

' Compare Biol. Ceiitralbl. BU. Vll. No. 21. 
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insufficient nutrition may cause considerable morphological changes 
(viz. qualitative variations) which are in the first place acquired 
by thes exual apparatus of the flower, (2) that the “transient*’ ( VVeis- 
mann) characters acquired by the individual can be transmitted^.’ 

The data upon which Hoffman bases these opinions are certain 
experiments conducted upon various plants, in order to determine 
the conditions of life under which abnormal flowers or any other 
variations occur most frequently : to decide, in short, how far 
variations arc caused by the change of conditions. 

It is obvious that the attention of the author was not at first 
directed to the question of the transmission of acquired characters. 
His experiments are of a much older date than the present con- 
diiion and significance of the question before us. Hoffmann has, 
in fact, re-examined his former results from the new point of view, 
and this explains why his proofs are not always sufficiently con- 
vincing when applied to the present issue. But this is of no 
great importance, inasmuch as there is no necessity for me to 
question the correctness of his assumptions. 

The essential details of the experiments to which hq directs 
attention arc as follows. 

Different plants with normal flowers were sul)jected to greatly 
changed conditions of life for a series of generations. They were, 
for example, crowded together in small pots. Under these cir- 
cumstances the jdants were of course poorly nourished, and in the 
course of generations, several sjiccies produced a variable proportion 
of abnormal — viz. double- (lowers. This, however, was not always 
the case, for such flowers did not appear in Matthiola annva and 
ILel'ianthenmm jmUfoUim, In other species, such as Nigella damas^ 
cena^ Pajpaver aiphium and Tagetes patula^ they appeared and often 
increased in numbers in the course of generations, although this 
was not a constant result. For instance, four successive genera- 
tions of Nigelh damascena^ when closely sown, produced the 
following results : — 

18S3. No double flowers. 

1884. „ „ „ 

1885. 23 typical flowers: 6 double flowers. 

1886. 10 „ „ : I ,, flower. 

* I have used the expression 'transient* ('passant’) in the same sense as^ 
* acquired,’ in order to enforce the conclusion that they are merely temporary, and 
disappear with the individual in which they arise. Since the characters of which 
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But it was not always the case that the double flowers continued 
to appear after they had been once produced. In Vapaver alpinum^ 
which Hoffman has cultivated in successive <>’cnerations since 
1862, other changes in addition to the doubling of the flowers first 
appeared in 1882, viz. a slight variability in the form of the leaf, 
and a greater variability in the colours of the ilowers. The pro- 
duction of double flowers appeared to be favoured by poor nutrition 
caused by crowding the plants. The results as regards the number 
?)f double flowers produced in this species by close sowing, from 
1882-1886, have been as follows : — 

Experiment XI. i88f. 40 per cent, of double flowers. 

1882. 4 „ „ 

1883. 5.3 „ „ „ 

Experiment XVII. 1884. 13- „ ,, ,, 

1885. 0-0 „ „ ,, 

1886. 0-0 „ „ „ 

Although in these and some other scries of generations the 
double flowers again disappeared in the later generations, yet there 
can be harctly any doubt that their first appearance was due to the 
abnormal conditions of nutrition. This conclusion is also unaffected 
by the fact that double flowers appeared in nearly the same pro- 
portions in consequence of cultivation in ordinary garden soil. The 
plants which were crowded in pots produced 2879 normal flowers, 
and 256 ( = 8-8 per cent.) abnormal and mostly double ones, while 
867 normal and 62 ( = 7’^ cent.) abnormal ones were produced 
on garden beds. Hoffman will not indeed admit that such a 
comparison can be fairly made, for the plants in the garden beds 
were raised from seed which was in part taken from the double 
flowers, and was therefore, he believed, under a strong hereditary 
influence. But this latter assumption is not supported by the 
results of his own experiments. 

Thus experiment XVIII., conducted upon Papaver alpinim^ is 
described in these words, — ‘ Seeds yielded by double flowers from 
experiment XI. (1883), were sown in pots, and the resulting plants 
produced from 1884-1886, fifty-three single flowers and no double 
ones.’ 

Hoffmann speaks are hereditary, the tenn cannot be rightly applied to them, and 
*I shall prove later on that they cannot be regarded as acquired characters in the 
sense required by the theory of descent. 
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In the converse experiment XIX. ‘ The seeds of single flowers 
from different stocks were sown in pots, and the resulting plants 
produced in 1885 and 1886 forty-three flowers, of which all were 
tyj)ical except one ; ’ while plants produced in the garden by seed 
from the same sources, yielded 166 single and five double flowers. 
Hoffman also describes other experiments in which the seeds from 
double flowers produced plants which also yielded many double 
flowers. Thus, for example, in experiment XXI. seeds yielded by 
the double flowers of Papaver alpinnm were sown in the garden 
and produced numerous plants, which in 1885 and 1886 bore 284 
single and twenty-one double flowers, that is 7 per cent, of the 
latter. 

It will therefore be seen that the transmission of the abnormality 
is by no means i)roved beyond the possibility of doubt, for who can 
decide between the effects due to heredity and changed conditions 
in the last experiment ? I have no doubt however that the results 
are at any rate in j)art due to the operation of heredity, for I do not 
see how the phenomena can be otherwise understood. Nevertheless 
I cannot admit the transmission of acquired characters ,on this 
evidence, for the changes which have appeared are not ‘ acquired ’ 
in the sense in which I use the term and in the sense required by 
the general theory of evolution. It is true that they may be 
described by the use of this word : inasmuch as they are characters 
which the plant has come to possess ; we are not however en- 
gaged in a mere dispute about terms, but in the discussion of a 
weighty scientific question. Our object is to decide whether 
changes in the soma (the body, as opposed to the germ-cells) 
which have been produced by the direct action of external in- 
fluences, including use and disuse, can be transmitted ; whether 
they can influence the germ-cells in such a manner that the latter 
will cause the spontaneous appearance of corresponding changes 
in the next generafaon. This is the question which demands an 
answer ; and, as has been shown above, such an answer would decide 
whether the Lamarckian principle of transformation must be 
retained or abandoned. 

I have never doubted about the transmission of changes which 
depend upon an alteration in the germ -plasm of the reproductive 
cells, for I have always asserted that these changes, and these alone, « 
must be transmitted. If any one makes the contrary assertion, 
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he merely proves that he does not understand what 1 have said 
upon the subject. In what other way could the transformation 
of species be produced, if changes in the germ-plasm . cannot be 
transmitted ? And hdw could the germ-plasm be change<l except 
by the operation of external influences, using tlic words in their 
widest sense ; unless indeed wo assume with Niigeli, that changes 
occur from internal causes, and imagine that the phyletic develop- 
ment of the organic world was planned in the molecular structure 
*of the first and simplest organism, so that all forms of life were 
compelled to arise from it, in tho course of time, and would have 
arisen under any conditions of life. This is the outcome of Nagelfs 
view, against which ] have contended for years. 

If we now use the term ‘ acquired characters ’ for changes in tho 
8oma which, like spontaneous abnormalities, de])end upon previous 
changes in the gcrm-])lasm — it is of course easy to ])rove that 
acquired characters are transmitted ; but this is liardly the way to 
advance science, for nothing but confusion would be produced by 
such a use of terms h I am not aware that any one has ever 
doubteci that spontaneous characters, such as extra fingers or toes, 
patches of grey hair, moles, etc., can be transmitted. It is true 
that such characters are sometimes called ‘ acquired ’ in pathological 
works, but His has rightly insisted that such an obviously inaccurate 
use of the term ought to be avoided, in order to prevent mis- 
understanding. If every new charactej’ is said to be ‘ acquired ’ 

^ Compare a paper by J, Orth, ‘XJcber die Entstelninj'’ imd Vererbimg indi- 
vidueller Eigenschafteii/ Leipzig, 1887. This author eoiiaiderH my theory of tlie 
non-transmisaioii of acipiired characterH to be incorrect, because he will insist uiion 
using the term ‘ ac(iuired’ for those characters v/hich are due to spontaneous changes 
in the germ ; although he considers that tliey are only indirectly ac((uired. He also 
reproaches me with not having discriminated with sufHcient clearness between the 
two modes in which new characters are acejnired liy the body, and witli having 
altogether failed to take into account tlie class of characters which aro due to 
variations in the germ. On the very same page he (piotos the following sentence 
from my writings : — ‘ Every change of the gerni-phtsm itself, however it may have 
arisen, must lie transmitted to the following generation by the continuity of the 
germ-plasm and hence also any changes in the mmn wliieh arise from the germ- 
plasm must be transmitted to the following generation.’ Not only does the trans- 
mission of Orth’s * indirectly acquired characters ’ necessarily follow from this sen- 
tence, but it is even distinctly asserted by it. T cannot understand how any one 
who is aware of what happened at the meeting of the Association of German 
•naturalists at Strassburg in 1885, can charge me with the confusion of ideas which 
has prevailed since Virchow took part in the discussion of this question. 
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the term at once loses its scientific value, which lies in the restricted 
use. If generally used, it would mean no more than the word 
‘new’; but new characters may arise in various ways, — by artificial 
or natural selection, by the spontaneous variations of the germ, or 
by the direct effect of external influences upon the body, including 
the use and disuse of parts. If we assume that these latter 
characters are transmitted, the further ‘ assumption of complicated 
relations between the organs and the essential substance of the 
germ becomes necessary ’ (His), while the transmission of the 
other kinds of characters do not involve any theoretical difficulties. 
There is therefore obviously a wide difference between these two 
groups of characters as fiir as heredity is concerned, quite apart 
from the question as to whether acquired characters are really 
transmitted. It is at all events necessary to have distinct terms 
which cannot be misunderstood. His ^ has proposed to call those 
characters which are due to selection ‘changes produced by breeding’ 
(‘erziichtete Abiinderungen '), those which api)ear spontaneously — 

‘ spontaneous changes ’ (‘ eingesprengte Abiinderungen ’), and these 
two groups of characters would then be opposed to those which he 
calls ‘acquired changes’ (‘erworbene Abiinderungen’), of course 
using the term in the restricted sense. Science has always claimed 
the right of taking certain expressions and applying them in a 
special sense, and I see no reason why it should not exercise this 
right ill the case of the term ‘ acquired.’ It appears moreover that 
this word has not always been used in this vague sense by patho- 
logical anatomists, such as Virchow and Orth ; for Weigert and 
Ernst Ziegler have employed it in precisely the same sense as that 
in which it has been used by Darwin, du Bois-Rcymond, Pfluger, 
His and many others, including myself. 

It is certainly necessary to have two terms which distinguish 
sharply between the two chief groups of characters — the primary 
characters which first appear in the body itself, and the secondary 
ones which owe their appearance to variations in the germ, how- 
ever such variations may have arisen. We have hitherto been 
accustomed to call the former ‘ acquired characters,’ but we might 
also call them ‘ mwatogenicl because they follow from the reaction 
of the mna under external influences ; while all other characters 
might be contrasted as ‘ blasiogenic^ because they include all those^^ 
’ His, ‘ Unsere Korperform,’ Leipzig, 1874, p. 58. 
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charjujters in the body which have arisen from changes in the 
germ. In this way we might perhaps prevent the possibility of 
misunderstanding. We maintain that the ' somiogoiic ’ characters 
cannot be transmitted, or rather, that those who assert that they 
can be transmitted, must furnish the requisite proofs. The somato- 
genic characters not only include the effects of mutilation, but 
the changes which follow from increased or diminished performance 
of function, and those which are directly due to nutrition and any 
of the other external influences which act upon the body. Among 
the blastogenic characters, we include not only all the changes 
produced by natural selection operating upon variations in the 
germ, but all other characters which result from this latter 
cause. 

If we now wish to place Ilolfmann’s results in their right 
position, we must regard all of them as ^blastogenic' characters, 
for no one of them can be considered as belonging to the group 
which has been hitlierto si)oken of as * acquired,’ in the literature 
of evolution: they are not due to somatogenic but to blastogenic 
change^. *The body of the plant — the soma — has not been directly 
affected by external influences, in Hoffman’s experiments, but 
changes have been wrought in the germ-plasm of the germ-cells 
and, only after this, in tho soma of succeeding generations. 

There is no difficulty in finding facts in support of tlvis state- 
ment, among Hoffmann’s experiments. The proof chiefly lies in 
the fact that in no one of his numerous cx])eriments did any 
change appear in the first generation. The seeds of different 
species of wild plants, with normal flowers, were cultivated in 
the garden and in pots (thickly sown in the latter case), but no 
one of the plants jiioduced by tliese wild seeds possessed a single 
double flower. It was only after a greater or less number of 
generations had elapsed that a variable proportion of double 
flowers appeared, sometimes accompanied by changes in the leaves 
and in the colours of the flowers. This fact admits of only 
one interpretation; — the changed conditions at first produced 
slight and ineffectual changes in the idiojdasm of the individual, 
which was transmitted to the following generation : in this again 
the same causes operated and increased the changes in the idioplasm 
• which was again handed down. Thus the idioplasm was changed 
more and more, in the course of generations, until at last the 
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change became great enough to produce a visible character in the 
Bowa developed from it, such as, for example, the appearance of 
a double flower. Now the idioplasm of the first ontogenetic stage 
(viz. germ-plasm) alone jiasses from one generation to another, 
and hence it is clear that the germ-plasm itself must have been 
gradually changed by the conditions of life until the alteration 
became sufficient to produce changes in the soma^ which ai)peared 
as visible characters in either the flower or leaf 

I 

In addition to the aljove-rnentioned cases Hoffmann also quotes 
some facts of a somewhat diflerent kind. He succeeded in in* 
ducing considerable changes in the structure of the root of the 
wild carrot [iJaucus car old) by means of the changes in nutrition 
implied by garden cultivation. These changes also jn-oved to be 
hereditary. 

Unfortunately, I have not the literature of the subject at hand, 
and hence I am unable to read the accounts of these older experi- 
ments m exieuBO ; but it is sufficiently obvious that in this case 
we are also concerned with a change which did not become visible 
until after some generations had elapsed, and which was therefore 
a change in the germ-plasm. 

Many instances of a precisely similar kind have been long knqwn, 
and one of them is to be found in the history of the garden jmnsy, 
which Hoflmann has succeeded in producing from the wild form, 
Viola tricolor^ in the course of eighteen years. Darwin some time 
ago pointed out in his work u])on ‘ The Variation of Animals and 
Plants under Domestication,’ that, in the case of the pansy and 
all other ‘improved’ garden flowers, the wild form remained un- 
changed for many generations after its transference to the garden, 
apparently uninfluenced by the new conditions of life. At length 
single varieties began to appear, and these were further developed 
by artificial selection and appropriate crossing, into well-marked 
races distinguished by peculiar colours, forms, etc. 

In these cases also, changes in the germ-plasm are the first 

^ Compare on this point Nageli in his * Theorie der Abstammungslehre.’ This 
writer also concludes from similar facts that external influences have wrought in 
the idioplasm, changes which were at first ineffectual, and which only increased 
during the course of generations up to a point at which they could produce visible 
changes in the plant. He does not, however, draw the further conclusion that these ^ 
changes only influence the germ-plasm, for ho was not aware of the distinction between 
germ-plasm and somatoplasm. 
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results of the new conditions, and there is no evidence for the 
occurrence of acquired characters, using the term in its restricted 
sense. 

I now come to the last botanical fact bronght forward by 
Hoffmann in support of the transmission of ac([uired characters. 
He states that specimens of Solldago virgaitrm brought from the 
Alps of the Valais, commenced flowering in the botanical garden 
at Giessen, at a time which differed by several weeks from that 
at which specimens from the surrounding country, planted beside 
them, began to flower. In other words, the time of flowering 
must have been fixed by heredity in tlie alpine Soli dago ^ for the 
external conditions would have flivourcd a time which was simul- 
taneous with that of the Giessen plants. 

What conclusions can be drawn from these hicts ? Hoffmann of 
course sees in them the proof of the transmission of acquired 
characters, but this presupposes that the time of flowering was 
originally an acquired character. Hoffmann indeed appears to 
entertain this opinion when he somewhat vaguely states that the 
time at.whfch (lowering begins has been acquired by accommodation 
— that is by the influence of climate — during a long scries of 
generations, and has become hereditary. But what does Hoffmann 
mean by ‘ accommodation ’ ? He presumably means that which, 
since the appearance of Darwin’s writings, has been generally 
called adaptation; — that is a purposeful arrangement, suited to 
certain conditions. The majority of biologists have followed 
Darwin in believing that such ailaptations have been produced by 
processes of natural selection. Hoffmann seems to imagine that 
they have arisen in some other way : perhaps he believes, with 
Nageli, that they have been directly produced by external in- 
fluences. 

The fixation of the time at which flowering begins, is an 
adaptation which formerly could have been very well ex})lained 
as the direct result of external conditions. The question we have 
to decide is whether such an explanation is the true one. We 
might imagine that the plant would be forced into quicker develop- 
ment by an earlier appearance of the warm season. Hence when 
transferred into a warmer climate the plant would at first flower 
•rather earlier, the habit would then be transmitted, and would 
increase in successive generations from the continued influence 
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of climate, until it advanced as far as the organization of the 
plant permitted. But in this explanation, as in so many others 
of the same kind, it has unfortunately been forgotten that the 
transmission of acquired characters which is presupposed in the 
explanation is a totally unproved hypothesis. It is sufficiently 
obvious that by interpreting a phenomenon in a manner which 
presupposes the transmission of acquired characters, we cannot 
furnish a proof of the existence of such transmission. 

It always seemed to me that the fixation of the commencement 
of flowering, together with similar physiological phenomena in the 
animal kingdom (for example, the hatching of insects from winter 
eggs), could be explained very satisfactorily by the operation of 
natural selection ; and even now this explanation appears to me 
to be the simplest and most natural. In Freiburg, where the 
vine is largely grown, the harvest is often injured by frosts in 
spring, which kill the young shoots, buds and flowers. Accord- 
ingly, different kinds of vine, which do not push their buds so 
early, have now been planted. Any one, who has seen all the 
shoots of the former destroyed by the frosts at the end of April, 
while the latter, not having opened their buds, were si)ared, 
would not doubt that the former must have been long ago 
exterminated, if‘ they had been compelled to struggle for existence 
with the others, under natural conditions. Now the time of 
flowering fluctuates slightly in the individuals of every species of 
plant, and can therefore bo modified by natural selection. It is 
therefore difficult to see why the time at which each plant flowers 
should not have been fixed in the most favourable manner for each 
habitat, by natural selection alone. 

Hoffmann is obviously unaware of the fundamental distinction 
between the characters primarily acquired by the and the 

secondary characters which follow from changes in the germ- 
plasm. 

If the author had appreciated this distinction he would not 
have attempted to strengthen his opinions by following up the 
botanical facts which exclusively belong to the second class of 
characters, with the enumeration of certain instances selected from 
the animal kingdom (viz., the supposed transmission of mutila- 
tions), all of which belong to the first class. I will not discuss 
these latter instances, for most of them are old friends, and they 
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are all far too nncertain ‘and inaccurate to have any claim on 
scientific consideration. 

I believe that I have shown that no botanical fiicts have been 
hither! 0 brought forward which prove the transmission of acquired 
characters (in the restricted sense), and that there arc not even 
any facts which render such transmission probable. 


NAriJ-’s, Zoological Station, 
Juu. IT, iSSS. 


A. W. 
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viir. 

THE SUPPOSED TRANSMISSION OF 
MUTILATIONS. 

We know well the manner in which Lamarck ima<i^ined that tlic 
gradual transformation of species occurred, when he first made 
the attempt to penetrate into the mechanism of fhe process of 
evolution, and to ascertain the causes by which it is j)ro(liiced. In 
his opiijion,* a change in the structure of any part of an organism 
was chiefly brought about when the species in (piostion met with 
new conditions of life and was thus forced to assume new habits. 
Such habits caused an increased or diminished activity, and there- 
fore a stronger or weaker development, of certain parts, and the 
modified parts were then transmitted to the ofI*s])ring. Inasmucli 
as the offspring* continued to live under the same changed conditions, 
and kept up the altered manner of using the part in question, the 
inherited changes would be increased in the same direction during 
the course of their life, and would be further increased in each 
successive generation, until the greatest possible change had been 
effected. 

In this way Lamarck was able to give an apparently satisfactory 
explanation of at any rate those changes which consist in the mere 
enlargement or diminution of a part; such, for instance, as the 
great length of neck in the swan and other swimming birds, which 
he believed to have been produced by the habit of stretching after 
food at the bottom of the water ; or the webbed feet of the same 
animals, supposed to be produced by the habit of striking the water 
•with outspread toes, etc. In this way he was also able to explain 
the disappearance of a part after it had ceased to be of use ; as, for 
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instance, the de^^eneration of the eyes of animals inhabiting* caves 
or the sunless depths of lakes or the sea. 

But it is obvious that such an explanation tacitly assumes that 
changes })roduced by use or disuse can be transmitted to the 
oilspring ; it amman Hit irammissiou of acquired characteu. 

Lamarck made this assum])tion as a matter of course, and when 
half a centur}^ later Charles Darwin, his more fortunate successor, 
reloiinded the theory of organic evolution, he also believed that we 
could not entirely dispense witli the Lamarckian principle ot 
explanation, although he added the new and extremely far-reaching 
])rineiple of natural selection. But he certainly attempted to decide 
whether the Lamarckian principle of the effects of use and disuse is 
trill y etlieiimt, by asking himself the (piestion whether such changes, 
as for (‘xam])lc those jiroduced by exercise during an individual 
lil'e, can be transmitted to the offspring. Many observations ap- 
jieared to him, if not to jirove the transmission directly, yet to 
render it ('xtnmiely probable ; and ho thus came to the conclusion that 
th(‘rc is no suflieient reason for denying the transmission of acipiired 
changes. Henco, in Darwin's works, use and disiisfe still play 
important ])arts as direct factors of transformation, in addition to 
natural selection. 

Darwin was not only an original genius, but also an extra- 
ordinarily unbiassed and careful investigator. Whatever he ex- 
pressed as his o])inion had been carefully tested and considered. 
This im])ression is gained by every one who has studied Darwin's 
writings, and p(‘rha})s it in part explains the fact that doubts as to 
the correctne ss of the Lamarckian principle adopted by him have 
only arisen during the last few years. These doubts have, however, 
culminated in the decided denial of the assumption that changes 
acipiircd by the body can be transmitted. I for one frankly admit 
that 1 was in this res])cet under the influence of Darwin for a long 
time, and that only by ajiproaehing the subject from an entirely 
diflorent direction was 1 led to doubt the transmission of acquired 
characters. In the course of fuidlier investigations I gradually 
gained a more decided conviction that such transmission has no 
existence in fact. 

Doubts on this jioint have been expressed not only by me but 
also by others, such as du Bois-Reymond and Pfliiger. Indeed^ 
concerning a certain class of acquired characters, viz. mutilations, 
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the great German philosopher, Kant, has distinctly denied that 
transmission can take place and in more recent times Wilhelm 
His has expressed the same opinion 

But if the transmission of accpiircd characters is truly impossible 
our theory of evolution must undergo material changes. We 
must completely abandon the Lamarckian principle, while the 
principle of Darwin and Wallace, viz. natural selection, will gain an 
immensely increased importance. 

* When I first expressed this oinnion in my essay ‘On Heredity'^* 
I was well aware of the consecpicnccs of such an idea. I knew well 
that apparently insur mountable obstacles would be raised against 
any explanation of evolution, from which the ])rinci])le of the direct 
transformation of the species by external inllueiiccs had been ex- 
cluded. I therefore endeavoured to show that these difficulties arc 
not ill reality insurmountable, and that it is ({uite possible to ex- 
plain certain phenomena, such as the degeneration ol* useless parts, 
without the aid of the Lamarckian principle. Furthermore it can 
be shown that a not inconsiderable number of instincts, viz. all 
those w^hich are exercised only once in a lifetime, cannot possibly 
have arisen by transmitted practice. This fact renders it unneces- 
sary to make use of the Lamarckian principle for the explanation 
of other kinds of instinct. I do not mean to deny the existence 
of j)henomena for which such an explanation has not yet been 
found, or at least has not been brought forward ; but on the other 
hand it appears to me that it has never been })roved that we 
cannot dis})ensc with tlie Lamarckian principle in the explanation 
of these phenomena. At any rate, I do not know of any fiicts 
which could induce us to abandon from the first any hope of finding 
an explanation without the aid of this hypothesis. 

If we are able to prove that we may dispense with the assump- 
tion of the transmission of actpiired characters in explaining such 
phenomena, of course it by no means follows that we mmi dispense 
with it ; or, in other words, it docs not follow that the transmission 

^ It is true that he based his opiniouH upon entirely erroneous theories as to the 
constancy of species. Compare Erock, *Einigc iilterc Autoren iiber die Vererbung 
erworbener Eigenschaften ’ in ‘Biolog. Ccntralblatt,’ Ed. VIII, p. 491 (1888): see 
also Hugo Spitzer, ‘ Eeitrage zur Descendenz-theorie und zur Methodologie der 
Naturwissenschaft,’ Leipzig, 1886, pp. 515 et Bcq. 

* ^ W. His, ‘ Unsere Kdrperform,’ Leipzig, 1875. 

^ See Essay II in the present volume. 
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of acquired clian^cs cannot take place. It would be as unsafe to 
make this assertion as to state of a ship seen at a great distance, 
that it is only moving by sails and not by steam simply because the 
movement appears to be explicable by sails alone. We ought first 
to attempt to show that the ship does not possess a steam-engine, 
or at least that the existence of such an engine cannot be lU’oved. 

1 believe that 1 am able to show that the actual existence of the 
transmission of acquired characters cannot be directly proved ; that 
there are no direct proofs sup])orting the Lamarckian principle. 

If we ask for the lacts which can be brought forward by the 
supporters of the theory of the transmission of acquired characters, 
if we in([uirc for tin; observations which induced Darwin, for in- 
stance, to adopt such an hypothesis, or which at least ])revented 
him from rejecting it, — a very brief answ^er can be given. There are 
a small number of observations made upon man and the higher 
animals which seem to prove that injuries or mutilations of the body 
can, under ccTtain circumstances, be transmitted to the olfspring. 

A cow which had accidentally lost its horn, produced a calf with 
an abnormal horn ; a bull which luid accidentally lost its tail, from 
that time begat tailh'ss calves; a woman whose thumb had been 
crushed and mallbrmed in youth, afterwards had a daughter with a 
mairornied thumb, and so on. 

In a great number ol* such cases every guarantee for the trust- 
worthiness of the statements is entirely wanting, and, as Ilis and 
still earlier Kant luivc idready said, they arc of no greater value 
as (ividence than the merest tales. But in otluT cases this asser- 
tion cannot b<; made without further examination ; and a small 
number ol' sucli observations can indeed claim a scientific in- 
vestigation and value. 1 shall presently, discuss this point in 
greatm* detail, but 1 wish now to lay stress upon the fact that, 
as far as dire(*t evichuicc goes, we cannot bring forward any 
l)roofs in favour of the transmission of accpiired characters, 
e^ccept these cases of mutilations. There are no observations which 
prove the transmission of functional hypertrophy or atrophy, 
and it is hardly to bo ex])ccted that w'e shall obtain such proofs 
in luture, lor the cases arc not of a kind which lend themselves to 
an ex[)erimental investigation. The hypothesis that acquired cha- 
ractei*s can be transmitted is therefore only directly supported by^ 
the above-mentioned instances of the transmission of mutilations. 
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For this reason, the defenders of the Lamarckian principle, who 
have come forward in rather large numbers recently \ have en- 
deavoured to show that these observations are conclusive, and there- 
fore of the highest importance. For the same reason I believe that 
it is my duty, as I take the opposite view, to explain what I think 
of the value of these apparent ju’oofs of transmitted mutilations. 

It can hardly be doubted that mutilations are ac([uired characters : 
they do not arise from any tendency contained in the germ, but 
•are merely the reaction of the body under external intlucnces. They 
are, as I have recently expressed it, purely somatogenic characters 
viz. characters which emanate from the body {soma) only, as op- 
posed to the germ-cells ; they are therefore characters which do 
not arise from the germ itself. 

If mutilations must necessarily be transmitted, or even if they 
might occasionally be transmitted, a powerful support would be 
given to the Lamarckian princi])le, and the transmission of functional 
hypertrophy or atrophy wovdd thus become highly ])robable. For 
this reason it is absolutely necessary that we should try to come to 
a definite Conclusion as to whether mutilations can or cannot be 
transmitted. 

We will now consider in greater detail the facts which have 
hitherto been brought forward upon this jjoint. It is not my 
purpose to discuss every single case wliich has been mentioned 
anywhere or by anybody; such a discussion would hardly lead 
to any result. I propose to select a small number of such instances, 
in order to show why they cannot be inainlaincd as ])rool*s. I 
shall chielly deal with cases which have been brought forward as 

P Oue of the most remurkahle forms of tliis revival of Lamarckism is tlie establiali- 
iiieiit in America of a *Neo-Lamarckian School,’ which includes among its memhers 
many of the most distinguished American biologists. One of the arguments upon 
which the founders of the school have chiefly relied is derived from the comparative 
morphology of mammalian teeth. The evolution of the various types are believed 
to be due to mc^difications in shape, j)roduced by the action of inccliaiiical forces 
(pressure and friction) during the life of the individual. The accumulation of such 
modifications by means of heredity exjdains the forms of existing teeth. 

It may be reasonably objected that the most elenicnt&ry facts concerning the de- 
velopment of teeth prove that their shapes cannot be altered during the lifetime of 
the individual, except by being worn away. The shape is predetermined before the 
tooth has cut the gum. Hence the Neo-Lamarckian School assumes, not the trans- 
mission of acquired characters, but the transmission of characters which the parent 
^ is unable to acquire !— E. H. P.] 

8ee p. 412 of the preceding Essay (VII}. 
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especially strong proofs by my opponents, and which have been 
carefully and completely examined. I shall attempt to show that 
these are not conclusive and that they must be explained in an 
entirely different manner. The insufficiency of the proof does not 
always depend upon the same circumstances, and, according to the 
latter, we may distinguish different classes of cases. 

First of all we may briefly mention those instances in which the ne- 
cessary precautions have not been taken before drawing conclusions. 

To this class belong the tailless cats which were shown at last 
year’s (1887) Meeting of the Association of German Naturalists, 
at Wiesbaden. These cats had inherited their taillessness, or rather 
their rudimentary tails, from the mother cat, which ‘ was said ’ to 
have lost her tail by the wheel of a cart having passed over it. 
Not only did the owner of the cats, Dr. Zacharias, consider them as 
a ]noor of the transmission of mutilations, but in a recently- 
jmlilished work, entitled ‘ On the Origin of Species, based upon the 
4 ’ransinissioii of accpiired characters’ (‘IJcber die Entstehung der 
Arten aut* Grundlage des Vererbens erworbener Eigen schaften ’), 
the author. Prof. Eimor, speaks of these cats in the ptefape as a 
‘valuable’ instance of the transmission of mutilations: these ex- 
amples therefore form part of the foundation upon which the author 
builds up his theoretical views. 

Certainly, the want of tails in young cats, of which the mother 
had lost its tail by an accident, would have been well worth 
consideration, but unfortunately there is no trustworthy record 
as to how^ the mother eat became tailless. Without absolute 
certainty upon this point the evidence becomes utterly worthless ; 
and Dr. Zacharias has acted very wisely in afterw^ards admitting 
that this is the case, for inherent taillessness has been known in 
cats for a long time. The tailless race of the Isle of Man is 
mentioned in the first edition of ‘The Origin of Species’; of 
course I am referring to Darwin’s work, and not to the above- 
mentioned book of the same name, by Prof. Eimer. As to the first 
origin of the tailless Manx breed wc know no more than about the 
origin of that remarkable race of cats with supernumerary toes, 
w hich E. B. Poulton has recently described from Oxford, and has 
traced through several generations^. These are innate mon- 

[' See ‘ Nature,’ vol. xxix. p. 20, and vol. xxxv. p. 38. In the latter article nine '' 
generations are recorded, and in both articles figures of the normal and abnormal feet 
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strosities which have arisen from unknown chang'es in the g'enn. 
Similar monstrosities have been known for a long^ time, and no one 
has ever doubted that they can be transmitted. 

It would be equally justifiable to derive the eats with extra toes 
from an ancestor of which the toes had been trodden upon, as to 
derive the tailless cats of the Isle of Man from an ancestor of 
which the tail had been cut ofE by a cart passing’ over it, and thus 
to regard the existence of the race as a proof of the transmission of 
^nutilations. 

But even if it were certain that the tail of the mother cat had 
been mutilated, such a fact would not necessarily prove that the 
rudimentary tails of the ofisjmnjy^ were due to transmission from 
the mother : they mi^ht have been transmitted from the unknown 
father. This is prol)ably not the case with Dr. Zacharias’ cat, for 
tailless kittens occurred in several families produced by the same 
mother ; but in other cases the possibility of the possession of 
innate taillessncss by the father must be taken into account, llie 
following* case is, in this respect, very instructive. 

Last ^summer, my friend, Prof. Schottclius, of Preiburg*, brouglit 
mo a kitten with an innate rudimentary tail, which he had 
accidentally discovered as one of a family of kittens at Waldkirch, 
a small town in the southern part of the Black Porest. The 
mother of the kitten possessed a perfectly normal tail ; the father 
could not be identified. 

A closer investigation resulted in the following^ rather un- 
expected discovery. Por some years past, tailless kittens have 
frequently appeared in the families of many different mother cats 
at Waldkirch, and this fact is explained in the following* manner. 

arc given. Additional generations and many more families have been since observed, 
and an account of these observations will shortly be published in the same j)aper. 
The breed originally came from Eristol. In the observatioiis recorded, the al)- 
normality of the offspring is an indication of the hereditary strength of tlie female 
parents, while the degree of normality is a similar test of heredity through the male 
parents; for the female parents were always abnormal, the male parents always 
normal. The most abnormal kitten observed possessed seven toes on e.ach forefoot, 
seven toes on the right hind foot (three more than the normal number), and six 
on the left hind foot. Kittens with seven toes on the forefeet and six on the hind 
were comparatively common, and all intermediate conditions between this and the 
normal were of frequent occurrence. Cats with extra toes arc, J think, not uncom- 
mon in most countries, and the fact that the peculiarity is transmitted is also well 
* known. The object of the investigation alluded to was to observe the transmission 
systematically through many generations. — E. B. P.] 
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A clergyman, who lived for some time at Waldkirch, had man*ied 
an English lady who possessed a tailless male Manx cat. The 
probability that all the tailless cats in Waldkirch are more or less 
distant descendants of that male cat almost amounts to certainty. 
Since a male Manx cat has reached the Black Forest, it might 
equally well arrive at some other 2)lace. 

But we will now leave observations such as these, which do not 
j)rove the transmission of a mutilation, because the mutilation itself 
has not been established ; and wo will turn to more serious ^ proofs.’* 

Let us still consider the tails of domesticated animals. In these 
animals a s])ontaneous and considerable reduction of the tail occurs 
not uncommonly, and since the habit of cutting off part of the tail 
of young animals jirevails in many countries, the coincidence has 
been ex])lained as a causal relation, and the question has been 
raised whctlior the disposition towards the spontaneous appearance 
of rudimentary tails has not arisen in conse(|uence of the artificial 
mutilation jiractised through many generations. This siip])osition 
apjiears v'cry plausible at first sight, but the keen scientific criticism 
oi’ Dodcrlein, Kichtcr, and Bonnet, together with carefuhanatomical 
investigations, have shown that, at least in the cases which were 
carefully examined, such a causal connection did not exist. It 
has been shown that the sjiontancous rudimentary tails which 
occasionally apjiear in cats and dogs have an entirely dilferent 
origin from tlie transmission of artificial mutilation. They depend 
upon an innal,e peculiarity of the germ, a peculiarity which is 
easily and st.rongly transmitted. They arc monstrosities, like the 
sixtii finger or toe, or, rather, like the rudimentary fingers and 
toes, which also occasionally appear. Bonnet ^ has shown that the 
rudimentary tails of dogs dei)end upon the absence of several 
vertebrae, together with an abnormal ossification, and sometimes 
also with a premature coalescence, of the vertebrae of the tail. 

Bonnet states that in the two first cases examined by him the 
reduction occurred at the distal end of the vertebral column in 
the tail, the more or less malformed vertebrae being anchylosed. 
A membranous appendage extended beyond the end of the reduced 

* Ronnet., ‘ Die stuminelscliwiiiizigen Himde im Hinblick aiif die Vererbimg er- 
worbener Kigenschaften,’ Anat. Anzeiger, Bd. ITT, i8S8, p. 584; see also ‘Beitrage 
z\ir patholog. Anatoniie und allgem. Pathologie’ by Ziegler and Nauwerck, Bd. IV, ^ 
iSSS. 
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caudal vertebrae, as the so-called ‘soft tail.’ These characters were 
shown to have been inherited from the mother and to have under- 
gone progressive development as regards the number of missing 
vertebrae and the proportion of individuals with rudimentary tails. 

In a third instance Bonnet found that four to seven of the normal 
caudal vertebrae were absent, and that the column in the region of 
the tail was characterised by a tendency towards premature anchy- 
losis along its whole length and not merely in its distal portion, 
furthermore the last three to four vertebrae were distorted and 
were either placed transversely to the long axis of the tail, or were 
so greatly curved that the tip of the tail was directed forwards. 

It is obvious that these changes are not such as we should expect 
as a result of the transmission of the mutilation of the tail which 
is so commonly practised. If the artificial injury were transmitted 
we should not expect that a variable number of the mesial ver- 
tebrae would be absent, but rather those of the tip. There would 
be no reason why the existing vertebrae should be degenerate as in 
the majority of the caudal vertebrae of the dogs examined by 
Bonnet. 

Entirely similar phenomena have been observed by Dodeiiein in 
the tailless cats which not infrequently oee\ir in Japan. In these 
cats the rudimentary veatebrae of the tail were reduced to a short, 
thin, inflexible spiral, which formed a knot densely covered with 
hair on the posterior part of the animal. 

Such a reduction of the tail occurs (piite independently of 
artificial injury, in individuals of which the parents were not 
injured : it is even found in races, such as the dachshund, which, as 
far as we know, have never been habitually mutilated. 

But the fact is rendered especially interesting because the 
reduction of the vertebral column in the region of the tail takes 
place in very various degrees. Sometimes only four vertelmie are 
• absent, sometimes as many as ten. The degree of abnormality in 
sha])e and the degree of coalescence between the vertebrae also 
differ greatly. J fence Bonnet rightly concludes that a slow and 
gradual process of reduction is going on in these animals, a process 
which tends, as it were, to shorten the tail. I intentionally say 
‘ as it were,’ for of course the statement must not be taken literally, 
and we must not conclude that the process of reduction is a con- 
sequence of some hypothetical develo])niental force seated in the 
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organism, of which the purpose is to remove the tail. On the 
contrary, this instance shows very clearly that the appearance of 
a development guided in a certain direction may be produced 
without the existence of any motive developmental force. 

The disposition of the tail to become rudimentary, in cats and 
dogs, may be explained in the simplest way, by the process which 
I have formerly called })anmixia. The tail is now of hardly any 
use to these animals ; and neither dog nor cat would perish because 
they possessed only an incomplete tail. Hence natural selection' 
does not now exercise any influence over these parts, and an occa- 
sional reduction is no longer eliminated by the early destruction 
of its possessor : therefore such reduction may be transmitted to 
the offspring. 

The race of tailless foxes which, according to Settegast, existed 
during the ])resent century on the hunting-grounds of Prince 
Wilhelm zu Solms- Braunfels, very soon disappeared; while cats 
and dogs with rudimentary tails have been preserved in many 
04 jses. ISuch results are to be exj)eeted, because in these domesticated 
animals the absence of the tail did not cause any inferiority in the 
struggle for existence. 

But these facts api)ear to me to be remarkable in another 
direction. I ])reviously mentioned the tailless race of Manx cats. 
Tradition does not tell us how it happened that the descendants of 
the first tailless cat in the isle of ^ian were able to increase and 
spread in such a manner as to form the dominant race in the 
island. ]hit we can easily imagine how it happened, when we 
learn that tailless cats are especially prized^ in Japan, because 
people think that they are better mousers. Every one in Japan 
wislies to possess a tailless cat, and jieople even cut off the tails of 
normal cats when they cannot obtain those with congenital rudi- 
mentary tails, because they believe that cats become better mousers 
in consequence of taillessness. In Waldkirch the same account of 
the superiority of tailless cats is curiously enough also found. We 
thus see how a slight but striking variation may at once cause an 
energetic process of artificial selection, which helps this variation to 
predominance : a hint for us to be careful in passing judgment upon 

‘ See the interesting remarks by Dbderlein on this point, which Dr. Ischikawa of 
.Japan tells u\e are t[uite correct. Doderlein, ‘ Ueber schwanzlose Katzen,’ Zool. An- 
zeiger, vol. x. Nov. 18S7, No. 265. 
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sexual selection, for the latter also works upon such functionally 
indifferent but striking variations. In the case of the cats, man 
has favoured a particular variation, because the novelty rather than 
the beauty of the chamcter surprised and attracted him. He has 
attached an imaginary value to the new character, and by arti- 
ficial selection has helped it to predominate over the normal form. 
I see no reason why the same process should not take place in 
animals by the operation of sexual selection. 

* But now, after this little digression, let us return to the trans- 
mission of mutilations. 

We have seen that the rudimentary tails of cats and dogs, as far 
as they can be submitted to scientific investigation, do not depend 
upon the transmission of artificial mutilation, but upon the spon- 
taneous appearance of degeneration in the vertebral column of the 
tail. The opinion may, however, be still held that the customary 
artificial mutilation of the tail, in many races of dogs and cats, has 
at least produced a number of rudimentary tails, although, ])erha])s, 
not all of them.' It might be maintained that the fact of the 
spontaneous appearance of rudimentary tails does not disprove the 
supposition that the character may also depend upon tlu* trans- 
mission of artificial mutilation. 

Obviously, such a question can only be decided by experiment : 
not, of course, experiments upon dogs and cats, as Bonnet rightly 
remarks, but experiments upon animals the tails of which are not 
already in a process of reduction. Bonnet ])roposes that the 
question should be investigated in.white rats or mice, in which the 
length of the tail is very uniform, and the occurrence of rudi- 
mentary tails is unknown. 

Before this suggestion was made, I had already attacked the 
problem experimentally. Such a course might, perha])S, have been 
more natural to those who maintain the transmission of mutilations, 

. to which I am opposed. Although I undertook the experiments 
expecting to obtain purely negative results, I thought that the 
latter would not be entirely valueless ; and since the numerous 
supporters of the transmission of acquired characters do not seem to 
be willing to test their opinion experimentally, I have undertaken 
the not very large amount of trouble which is necessary in order to 
9 conduct such an experimental test. 

The experiments were conducted upon white mice, and were 
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begun in Ociober of last year (1B87), with seven females and five 
males. On October 1 7 all their tails were cut off, and on Novem- 
ber 16 the two first families were born. Inasmuch as the period 
of pregnancy is only 22-24 days, these first offspring began to 
develope at a time when both parents were without tails. These 
two families were together eighteen in number, and every in- 
dividual possessed a iicrfcctly normal tail, with a length of 11- 
1 2 mm. ^fhesc young mice, like all those born at later periods, 
were removed from the cage, and either killed and preserved, or* 
made use* of for tln^ continuance of the breeding experiments. In 
the first cag(‘, containing the twelve mice of the first generation, 
. 33.3 fourteen months, viz. until January 16, 

1 S89, and no one of these had a rudimentary tail or even a tail but 
slightly shorter than that of the offspring of unmutilatod parents. 

It might be urg(‘d that the effects of mutilation do not exercise 
any influence unf.il after several generations. I therefore removed 
lil'teen young, born on December 2, 1887, to a second cage, just 
aff.('r tliey were able to see, and were covered with hair; their tails 
were cut ofI‘. These mice jiroduced 237 young from Dbce^iber 2, 
i(S(S7 f,o January 16, 18S9, every one of which possessed a normal 
fail. 

In file same manner fourteen of the offspring of this second 
general ion were put in cage No. 3 on May i, 1888, and their 
fails were also cut off. Among their young, 152 in number, 
which had been ])ro(luced by January 16, there was not a single 
one with an abnormal tail. Precisely the same result occurred in 
the fourth generation, which were bred in a fourth cage and treated 
in exacf-ly the sanu‘ manner. This generation produced J38 young 
with normal tails from A])ril 23 to January 16. 

The ex])erinieiit was not concluded with the fourth generation ; 
fhirteen mice of the fifth gmieration were again isolated and their 
tails were ampiitafed ; by January 16, 1889 they had produced 41 
young. 

Thus 901 young w'cre produ(*ed by five generations of artificially 
mutilated parents, and yet there was not a single example of a 
rudimentary tail or of any other abnormity in this organ. Exact 
measurement proved that there was not even a slight diminution 
in length. The tail of a newdy-born mouse varies from 10*5 to 
12 mm. in length, and not one of the oflfspring possessed a tail 
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shorter tlian 10*5 mm. Furthermore there wns no diflerenee in 
this respect between the younj^ of tlio earlier and later g’enerations. 

What do th(>se experiments prove? Do they disprove once for 
all the opinion that mutilations cannot bo transmitted ? Certainly 
not, when taken alone. If this conclusion were drawn from these 
experiments alone and without considering other facts, it miodit 
be rightly objected that the number of generations had been far 
too small. It might be urged that it was probjible that the 
hereditary eflects of mutilation would only appear after a greater 
number of generations had elai)sed. They might not appear by 
the fifth generation, but perhaps by the sixth, tenth, twentieth, or 
hundredth generation. 

We cannot say much against this objection, for there are actual 
phenomena of variation which must de])end u])on such a gradual 
and at first imperceptible cliange in the germ -plasm, a change 
which docs not become visible in the desccndanliS until after 
the lapse of generations. The wild jiansy does not change at 
once when planted in garden soil : at first it remains apparently 
unchangjDd, but sooner or later in the course of geiuM’ations varia- 
tions, chiefly in the colour and size of the (lowers, begin to appear : 
these are pro^iagated by seed and arc therefore the consequence of 
variations in the germ. The fact th.at such variations noMr occur 
in the first generation proves that they must bo prepared for by a 
gradual transformation of the germ-plasm. 

It is therefore possible to imagine that the modifying effects of 
external influences upon the germ-plasm may bo gradual and may 
increase in the course of generations, so that visible changes in the 
body (sornci) are not produced until the effects have reached a certain 
intensity. 

Thus no conclusive theoretical objections can be brought forward 
against the supposition that the hereditary transmission of mutila- 
tions recpiires (e.g.) 1000 generations before it can become visible. 
We cannot estimate a 'priori the strength of the influences which 
are capable of changing the germ-plasm, and experience alone can 
teach us the number of generations through which they must act 
before visible effects are produced. 

If therefore mutilations really act upon the germ-plasm as the 
lauses of variation, the possibility or even probability of the ultimate 
appearance of hereditary effects could not be denied. 

F f 
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Hence the experiments on mice, when taken alone, do not con- 
stitute a complete disproof of such a supposition : they would have 
to he continued to infinity before we could maintain with certainty* 
that hereditary transmission cannot take place. But it must he 
remcmhenHl that all the so-called proofs which have hitherto been 
brought forward in favour of the transmission of mutilations assert 
the transmission of a siiii^lo mutilation which at once became 
visible in the followiiu^ generation. Furthermore the mutilation 
was only inflicted upon one of the parents, not upon both, as in m/ 
experiments with mi(‘e. Hence, contrasted with these experiments, 
all such ‘proofs’ colIaj)S(‘; they must all depend upon error. 

It is for this reason important to consider those cases of 
luibitual iniitilal.ion which have been continually repeated for 
nunK'rous ^(Mieiations of men, and have not produced any hereditary 
<tonse(|uonc(‘s. With re^’ard to the habitually amputated tails of 
cats and clod's J have already shown that there is only an ap- 
parently hereditary efi'cct. Furtheinnore, the mutilations of certain 
])arts of the human body, as practised l)y difierent nations from 
times immemorial, have, in not a single instance, lcd1:o ^le mal- 
formation or reduction of the ])arts in question. Such hereditary 
eliccts have been prodiuied neither by circumcision nor the re- 
moval of the front teeth, nor the boring);' of holes in the lips or 
nose, nor the ext raordinary artificial crushin.^ and crippling of the 
feet, of Chinese women. No child among any of the nations re- 
fc'rred to possesses the slightest tmcc of these mutilations when born : 
they Inive to be acquired anew in every generation. 

Similar cases can be i)roved to occur among animals. Professor 
Kiihn of Halle pointed out to me that, for practical reasons, the 
tail in a certain race of sheep has been cut off, during the last 
hundred years, but that according to Nathusius, a sheep of this 
race without a tail or with only a rudimentary tail has never been 
born. This is all the more important because there are other 
races of sheep in which the shoidncss of the tail is a distinguishing 
peculiarity, dims the nature of the sheep’s tail does not imply 
that it cannot disappear. 

‘ rt ts oertainly true that among nations which practise circumcision as a ritual, 
children arc somotiines born with a rudimentary prepuce, but this does not occur more 
frequently than in other nations in whicli circumcision is not performed. Rathe!- 
extensive statistical investigations have led to this result. 
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A very g'ooci instance is mcntionofl Uy Setteo*ast, altlioiio-li per- 
haps with iinotlier object in view. Tiu^ various species of crows 
possess stiir bristle-like feathors round the openini** of i-ho nostrils 
and the base of the beak : these are absent only in the rook. The 
latter, however, possesses them when youn^^, but soon after it has 
left the nest they are lost and never reappear, 'fhe rook diofs de(‘p 
into the earth in searchini^ for food, and in this way the feathers 
at the base of the beak are rubbed off and can nevcu’ ^row a^*ain 
betiause of the constant di<>’^ini»*. Nevertheless this peculiarity, 
which has been aocpiired a^’ain and a£»-ain from times immemorial, 
has never led to the a})pearancc of a. newly hatched individual with 
a bare face. 

Thus there is no reason for the assumj)tion that such a result 
would oc(iur in the case of the mice even if tlu^ ex])eriments had 
been continued throu<»‘h hundreds or thousands of i^’cnerations. 
The supposition of the accumulative elfcet of mutilation is entirely 
visionary, and cannot be su[)})orted cxce])t by the fact that accu- 
mulative transformations of the ^‘erm-plasm ocenr; but of course 
this fac;t d<5es not im])ly that mutilations belong* to those induences 
which arc capable of chan^in<»‘ the <>‘crm-p>lasm. All the ascer- 
tained facts point to the conclusion that they have not this 
effect. The transmission is all the more im])robable because of 
the strikiiij(>’ form of the mutilation in all cases which arc relied 
upon as evidence. The only objection which can be raised is to 
suppose that the absence of the tail is less (‘asily transmitted than 
other mutilations, or that mice possess smaller hereditary powers 
than other animals. Ihit there is not the sli^ditiist evidence in 
favour of either of these suggestions ; the supporters of the 
Lamarckian principle have, on the contrary, always pointed to the 
transmission of mutilated tails as one of their principal lines of 
evidence. 

The ojnnion has often been expressed that such transmission need 
not occur in every case, but may happen now and then under ([uitc 
exceptional conditions with whicli we are unaccpiainted ; for this 
reason it might bo urged that all negative experiments and every 
refutation of the ‘proofs’ of the transmission of mutilations are not 
conclusive. Only recently, a clever young zoologist said in reference 
^to Kant’s statements upon the subject, that perhaps the most de- 
cided opponent of the transmission of mutilations would not venture 

F f 2 
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nowadays to maintain his view with such certainty, ‘ for it must 
he admitted tliat the transmission of acquired characters may take 
j)laco at any rate as a rare exception.’ Similar opinions are often 
expressed, especially in conversation, and yet they can mean 
nothing except that the transmission of acquired characters has been 
j)roved ; for if such transmission can take place at all, it exists, and 
it docs not make the least did'erence theoretically whether it occurs 
in rare cases or more frequently. Sometimes heredity has been 
called capricious, and in a certain sense this is true. Heredity* 
appears to be capricious because we cannot penetrate into its depths : 
wc cannot predict ^vhcthcr any peculiar character in the father will 
rea])j)ear in the (diild, and still less whether it will reappear in the 
first, second, or one of the later children : wc cannot predict whether 
a child will j)ossess the nose of his father or mother or one of the 
grandparents. Ihit this certainly does not imply that the results 
arc duo to chance: no one has the id^ht to doubt that everything’ is 
brought about by the o])eration of certain laws, and that, with the 
Ibrtili/ation of the egg, the sha])c of the nose of the future child 
has been detci’inined. l1io co-operation of the Wo tchdopcies of 
(lev(‘lopmont cont-ained in the two conjugating germ-cells produces, 
of necessity a. c(‘rtain form of nose. The observed facts enable us to 
know sornetbing of the laws under which such events take place. 
Hduis, for instance, among a large number of children of the same 
parents some will always have the form of the nose of the mother or 
of the mother’s fimily; others will have the nose of the father’s 
family, and so on. 

Jf wc ap])Iy this argument to the supposed transmission of muti- 
lations, such transmission, if possible at all, must occur a certain 
number of times in a certain number of cases : it must occur more 
readily when both ])arents are mutilated in the same Wtay, or when 
the mutilation has been repeated in many generations, etc. It is 
extremely improbable that it would suddenly occur in a case where 
it was least expected, w hile it did not occur in 900 cases of the 
most favourable kind. Those w ho recognise in the doubtful cases 
of transmission of a single mutilation present in only one of the 
parents, proofs of the existence of the disputed operation of heredity, 
quite forget that the transmission presupposes a very marvellous 
and extremely complex apparatus w^hich if present at all ought, 
under certain conditions, to become manifest regularly, and not only 
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in extremely exceptional cases. Nature does not create complex 
mechanisms in order to leave them unused : they exist by use and 
for use. We can readily imagine how complex the apparatus for the 
transmission of mutilations or acicpiircd characters generally must 
be, as I have tried to show in another place. The transmission of 
a scar to the offspring e. g. presupposes first of all that each me- 
chanical alteration of the body {^ohia) produces an alteration in the 
^gcrm-eells: this alteration cannot consist in mere differences of 
nutrition, only affecting an increased or decreased growth of the 
cells : it must bo of such a kind that the molecular structure of the 
germ-plasm would be changed. Hut such a. change could not in 
the least resemble lhat which occurred at the perijdiery of the body 
in the formation of the scar : lor there is neither skin nor the pre- 
formed germ of any ol the adult organs in the germ-plasm, but 
only a uniform molecular structure which, in the course of many 
thousand stages of transformation, must tend to the Ibrmation of a 
ffoma including a skin. The change in the gcrm-})lasm which would 
lead to the transmission of the scar, must therefore be of such a kind 
as to ialluencc the course of ontogeny in one of its later stages, 
so that an interruption of the normal formation of skin, and the 
intercalation of the tissue of the scar, would occur at a certain part 
of the bojly. 1 do not maintain that ecpially minute changes of the 
germ-plasm could not occur: on the contrary, individual variation 
shows us that the germ-])lasm contains potentially all the minutest 
peculiarities of the individual ; but J have in vain tried to under- 
stand how such minute changes of tlio germ-[)lasm in the germ- 
cells could be causefl by the appearance of a scar or some other 
mutilation of the body. In this rcs])cct I think that Blumcnbach’s 
condition is nearly fulfilled : he was inclined to dcchirc himself 
against the transmission of mutilations, but only if it were proved 
that such transmission was mjmubk. Although this cannot be 
strictly proved, it can nevertheless be shown that the ajiparatus 
presupposed by such transmission must be so immensely complex, 
nay! so altogether inconceivable, that we are cpiite justified in 
doubting the possibility of its existence as long as there are no facts 
which prove that it mud be present. 1 therefore do not agree with 
the recent assertion Hhat Blumenbach’s condition cannot be fulfilled 
•to-day, just as it was impossible at the time when it was first 

' See Brock, ‘ Bioloj*'. Centralblatt,’ Bd. VIII. p. 497, 1888. 
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bronj^lit forward. But if iicvcrtliele.ss such a mysterious mechanism 
cxisic'd between tlio parts of the botly an<l the <,wm-ce]ls, by means 
(){ which each chanj^e in the former could be reproduced in a different 
manner in the latter, the effects of this marvellous mechanism would 
eerlainly be })erce])tible and could be subjected to experiment. 

But at j)resent we have no evidence of the existence of any such 
effects ; and the experiments deseri])ed above disprove all the cases 
of the suppo.s(‘d transmission of sino-le mutilations. , 

Of course, 1 do not mainijiin that such cases are to be always 
exjdained by want of suflicient observation. In order to make 
my ])osif,ion cl(‘ar, 1 pro})Ose to discuss two further classes of 
observaiif)ns. First ol* all, there are very many eases of tlie a])- 
pannit transmission of mutilai.ions in which it was not Ihe mutila- 
lion or its (!ons(‘(jiiciH*(s which was transmitt(‘d, but the ju’cdis- 
position ol tlu* ])art in (piestion to become diseased. Biehter^ has 
recently ])ointed ouf. that arn^sts of develojmient, so slight as to be 
extc'rnally invisibh*, lixMpumtly occur, and that such arrests exhibit 
a fenden(*y to load to tlie visible deg*eneration of part^ in which 
th(‘y oc(*,iir, as tlie result of slight injuries. Sinc(‘ therefbre the 
pr(‘disjiosition towards such arr(‘st is transmitted by tlie germ — 
oc'casionally even in an increased degree — the appearance of a trans- 
mitted injury may arise. In tliis way Bichter explainsf for in- 
stance, the Irecpienlly (pioted case of the soldier wlio lost his left 
eye by inflammation fifteen years before he was married, and who 
had two sons with h'ft, eyes malformed (microphthalmic). Micro- 
phthalmia, is an arrc'st ot development, dhe soldier did not lose 
his eye sim])iy bi’caiise it was injured, hut heeanse it was predis- 
posed to heeome diseased from the beginning and readily became 
intlamed after a slight injury, lie did not transmit to his sons 
tlie injury or its r('sults, but only microphthalmia, the predis- 
position towards which was already innate in liim, but which led in 
bis sons from the heginning, and without any obvious external 
injury, to the maUbrimition of the eye. I am inclined to explain 
the ease which Darwin in a similar manner adduced, during the 
later years of his life, in favour of the transmission of acquired 
characters, and which seemed to prove that a malformation of the 
tlmmb ])roducod by chilblains can be transmitted. The skin of a 

* . iLcliter. ‘ Zur Vererbung erworbener Charaktere,’ Bioloff. Centralblatt, Bd. 

VIII. iSSS, p. 289. 
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boy’s thumbs had been badly broken by chilblains associated with 
some skin disease. The thumbs became greatly swollen and re- 
mained in this state for a long time; when healed ihey were mal- 
formed, and the nails always remained unusually narrow, short, 
and thick. When this man married and had a. lamily, two of his 
children had similarly malformed thumbs, and even in Ihc next 
generation two daughters had malformed thumbs on both hands. 
The case is too imperfectly known to admit of ade([uate criticism ; 
but one may perhaps suggest that the skin of diirerent individuals 
varies immensely in its susceptibility to the ellects of cold, and that 
many children have chilblains readily and badly, while others are 
not aileeted in this way. Sometimes members of the same family 
vary in this respect, and the greater or less predisposition towards 
the formation of chilblains corresponds with a dillerent constitution 
of the skill, in which some children follow the lather and others 
follow the mother. In Darwin’s instance a high degree of sus- 
ccjitibility of the skin of the thumb was obviously innate in the 
father, and this susce})tibility was certainly transmitted, and led to 
the siiviilal’ malformation of the thumbs of the children, perhaps 
very early and after the ellcct of a comparatively slight degree 
of cold h 

The last class of cases which I should wish to consider, refer to 

*. . . 

observations in which the mutilation of the parent was certain, 
and in which a malformation similar to the mutilation had ap- 
peared in the child, but in which exact investigation shows that 
the malformations in parent and child do not in reality corrcsj)ond 
to each other. 

In this class 1 include an instance which has only become known 
during the present year (1888), and which has been observed as 

^ This case was not observed by Darwin himself, but was communicated to him by 
J. P. Eishop of Perry, in North America (see ‘Kosmos,’ vol. ix. i>. 45H). Qidte 
apart from tlie fact that it is ]jy no means certain whether tho fatlier did not already 
possess an innate malformation of the thumb, exact data arc wantin^^ as to the 
time durin^^ which the thumb was diseased, and as to the time when the malforma- 
tion of the thumb was first observed in the children and the {^grandchildren ; whether 
at birth or at a later period. For a thorough criticism it would also be necessary to 
have figures of the thumbs. I should not have alluded to this case, because of its in- 
complete history, if it had not appeared to me to illustrate the ideas mentioned 
above. Of course I do not maintain that 1 have suggested the right explanation in 
this particular case. It is possible that the father possessed an inherent malforma- 
tion of the thumb which he had forgotten by the time that ho came to have children 
and grandchildren, and was struck by the abnormality of their thumbs. 



440 


TIIK SUPPOSKD TRANSMISSION OF MUTILATIONS. 


exactly as possible by an anthropologist and physician, who has 
worked up the history of the case. Dr. Emil Schmidt communi- 
cated to this year’s meeting of the German Anthropologists’ Asso- 
ciation at Bonn a case which indeed seems at first sight to prove 
that mutilations of the human car can be transmitted. As Dr. 
Schmidt has been kind enough to place at my disposal all the 
material which he collected upon the subject, I have been able to 
examine it more minutely than is generally possible in such cases ; 
and ] will discuss it in detail, as it seems to me to be of funda- * 
mental importance in the history of human errors upon this subject. 

In a most respectable and thoroughly trustworthy family, the 
moth(‘r possess(‘S a cleft ear-lobe upon one side. She quite dis- 
tinctly remem b(‘rs Ibat when playing, between the ages of six and 
ten }'ejirs, another child tore out her ear-ring, and that the \vound 
liealed so that the cleft remained. Later on a new hole was made 
in the ])osterior ])art of the lobe. She had seven children, and the 
second of these, who is now a full-grown man, has a cleft ear-lobe 
on iJie sam(‘ side as the mother. It is not known whether the 
mother possessed an innate malformation of the ear before, it was 
mutilated, but, j‘u(lging from the ]>resent ai)pearan(‘e of the ear, 
this is extremely im])roba])le. Furthermore, the existence of an 
innate clt‘ft in the ear-lobe has never been previously observed. 
Ihe parents of the mother did not possess any malformation of the 
ear. The eonehision S(‘emed to be theretbre inevitable that the trans- 
mission of an artilicial cleft in the ear-lobe had really taken place. 

Jhit we must not 1)0 too hasty in forming an opinion. When 
we compare the iigiires 1, and 11., representing the two ears, we are 
iirst oi‘ all struck by the fact that the malformation of the ear of 
the son has an ent ir('ly ditlercnt appearance from that of the mother. 
'File ear-lobe of the latter is quite normally formed; it is broad 
and well-developed, and only exhibits a median vert ical furrow which 
is the result of th.e mutilation. The ear-lobe of the son, on the 
other hand, is extremely minute, one might even maintain that it 
is completely wanting. In my ojunion a cleft is not present at 
all, but the lar higher posterior corner of the car forms the end of 
its posterior maigin — the so-called helix. But even if another 
opinion were pronounced with regard to the interpretation of thiS 
part, there is one other cireumstanee to be taken into account, 
which ajipears to me to be absolutely conclusive, and which com- 
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pletely excludes the interpretation of this malformation as the 
transmission of a mutilation. 

II' we eoin])are the ears with each other, that of the mother with 
that of the son, not only the anatomist hut every trained observer 
will at onc(i be struck by the fict that they are totally different 
in their outlines as well as in every detail. The upper margin of 
the ear is very broad in the mother, in the son it is quite pointed ; 
the so-called (trm'a anUudich are normally developed in the mother, ^ 
in the son they can liardly be distinguished and open in an an- 
terior direction, while in the mother they are directed upwards. 
The concha itself, the iucimra inlertragica^ in short everything in 
the two cars, is as di lie rent as it can possibly be in the ears of 
two individuals. 

Ihit this fact obviously })voves that the son does not possess the 
car of his mother, hut prol^ably that of his father or grandfather. 
Unfortunatel}' the fatiher and grandi'athcr have been now dead for 
a loTig time, so that we cannot obtain certain evidence upon this 
point. At all events, the son does not possess the ear of his mother, 
and it would he very rash to suj)pose that lie has inherited ‘the ear 
IVom th(' father, hut the malformation of the ear-lobe from the mother 
— a mali'ormation which, as it seems to mo, is certainly (piite 
dilfiu'cmt from that of his mother’s ear. 1 said that this caj^e was of 
fundamental importance chiefly because it shows very distinctly, 
on the one hand, how diflicult it is to bring together the material 
whicli is absolut(dy necessary for the correct understanding of a 
single eas(*, and on the other hand, how carefully the abnormalities 
must be eoin])ave(l and examined if we wish to escape wrong con- 
clusions. Such precautions have hitherto been rarely taken with 
the necessary accuracy; ])eople are in most cases satisfied with the 
knowledge that an abnormality is present in the child on the 
same ])art which had been malformed by mutilation in the parent. 

But if we are to speak of the transmission of a mutilation, it 
must be shown, before everything- else, that the malformation of 
the child corresponds j)recisely to the mutilation of the parent. 

For this reason the older observations upon this subject are, in 
most cases, entirely valueless. 

fhe readiness with which we may be deceived is shown by 
the fact that 1 myself nearly became a victim during the past c 
year (itS88). A friend of mine, in order to convince me of the 
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transmission of mutilations, called my attention to a linear scar on 
his left ear, which extended from the np])cr marg’in of the helix 
for some distance upon the posterior part of the anthelix, U’ivini>* it 
the appeamnee of a small, rather sharp rid^e. The scar had been 
caused hy a cut from a duelling* sword, whicli the gentleman 
had received during his residence at tlu* University. Strangely 
enough, the left ear of his daughter, who is live years old, 
* exhibits a similar peculiarity. The 2 )Osterior part of the ant- 
helix forms a rather sharj) and narrow ridge like that of the father, 
although the scar itself is wanting. 

I must admit that I was at first rather puzzled ly this fact, but. 
the mystery was soon solved in a very simple manner. I asked 
the father to show me his right ear, and 1 then saw that this ear 
possessed a similar ridge on the posterior })art of the anthelix. 
Only the scar was absiuit, which in the left ear brought the crest 
of the ridge into still greater prominence. The ridge was there- 
fore only an individual peculiarity in the formation of the oar 
of the fat];icr, — a peculiarity which had been transmitted to one 
ear of*the child. No transmission of the mutilation had taken 
place. 

In the same manner, many of the so-called proofs of the trans- 
mission of* mutilations would be shown, by a careliil examination, to 
be deceptive. We must not expect to succeed in all of them, for in 
most cases the investigation cannot be completed, chiefly because 
the condition of the part in ([uostion in the ancestors is not known 
or is only known in an insuflicient manner. This is the reason why 
fresh cxarnjdes of such so-called proofs continue to appear from time 
to time, — j)roofs which do not admit of a searching criticism because 
something, and in most cases very much, is invariably wanting. 
But it will be admitted that even a very large number of incom- 
plete proofs do not make a single com])lcte one. On the other 
hand, it may be asserted that a single instance of coincidence 
between a mutilation in the parent and a malformation in the 
offspring, even if well established, would not constitute a proof of 
the transmission of mutilations. Not every pod hoc is also a 
propter hoc. Nothing illustrates this better than a comparison 
between the ‘proofs’ w^hich are even now brought forward in 
favour of the transmission of mutilations and the ‘ proofs ’ which sup- 
ported the belief in the efficacy of so-called ‘ maternal impressions ’ 
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(luring pregnancy, a belief which was universally maintained up to 
the middle of the j)resent century. Many of those ‘ proofs ’ were 
simply old wives’ lables, and were based upon all kinds of subsequent 
inventions and alterations. But it cannot be denied that there are 
a few undoubtedly genuine observations upon cases in which some 
character in the child reminds us in a striking manner of a deep 
psychical impression by which the mother was strongly affected 
during pregnancy. 

’Jims a trustworthy j)erson told me of the following case. A well- 
known medical authority cut his leg above the ankle Avith a knife: 
his wife was })rescnt at the time and was much frightened. She 
was then in the third month of pregnancy : the child when born 
was found to have an unusual mark upon the same place above the 
ankl(». Ik^ople almost forget nowadays the tenacity with which the 
i<l(‘a of maternal inqn’ossions was kept up until the middle of this 
century; but it is only lUH^essary to read the received German text- 
book on plu'siology of til’ty years ago, viz. that of Burdach, in order 
to be convinced of the accuracy of this statement. Not only docs 
lliirdacth give a number of ‘ conclusive’ cases in man and even in 
animals (cows and deer), but he also attem2)ts to construct a theoretical 
explanation of the sujiposed j>rocess. This is undertaken in the fol- 
lowing manner, — ‘ Tmagination influences the fun(?tion of grgans;’ 
but flic function of the embryo is the ‘tendency towards development, 
and hence the influence [of maternal imagination] can make itself 
felt only as variations in the mode of development.’ idius by ex- 
changing the conccidion of function for that of the development of 
organs, Burdach comes to the conclusion that ‘ homologous organs of 
the mother and the end)rvo arc in such connexion ’ that when the 
former are disturbed a coiTes})onding ‘ (diauge in the formation of 
the latter may arise.’ 

It seems to be not without value for the appreciation of the 
([uestions with wdii(di we are dealing to remember that the idea 
ol ‘maternal imjiressions’ was only comparatively recently believed 
to be a scientilic theory, and that the proofs in support of it 
were broiiglit forward in form and language as scientific proofs. 
In Burdach’s book we even meet with detailed ‘proofs’ that 
violent mental shocks produced by maternal impressions may not 
only exercise their influence upon one but even upon several children 
born successively, although with diminishing strength. ‘ A young 
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wife received a shock during’ her first pregnancy upon seeing a child 
with a hare-lip, and she was constantly haunted with the idea that 
her child might liave the same malformation. ,Shc was delivered of 
a child with a typical hare-lip : her next child had an upper lip with 
a less-marked cleft; while the third possessed a red mark instead 
of a cleft.* 

Now what can ho said about such ‘proofs’? We may probably 
rightly conjecture that Burdach, who was in other respects a clover 
physiologist, was in this subj'oet somewhat credulous : but there arc 
also instances about which there is not the slightest doubt. I may 
remind the reader of a case which has been told by no other than 
the celebrated embryologist, Carl Ernst von Baer b 

‘A lady was very much ii 2 )set by a fire, which was visible at a 
distance, because she believed that it was in her native place. As 
the latter was seven (Jerman miles distant, the impression had 
lasted a long time before it was possSde to receive any certain 
intelligence, and this long delay alfected the mind of the lady so 
greatly, that for some time afterwards she said that she constantly 
saw thQ flafnes before her eyes. Two or three months afterwards she 
was delivered of a daughter who ha.d a red patch on the forehead 
in the form of a flame, ^fliis patch did not disappear until the 
child was seven years old.’ Von Baer added, ‘T mention this case 
because 1 am well acquainted with it, for the lady was my own 
sister, and because she complained of seeing flames before her eyes 
before the birth of the child, and did not invent it afterwards as the 
“ cause ” of the strange aj)pearanco.’ 

Here then we have a case which is absolutely certain. Von 
Baer’s name is a guarantee for absolute accuracy. Why then has 
science, in spite of this, rejected the whole idea of the efficacy of 
‘ maternal impressions ’ ever since the appearance of the treatises by 
Bergmann and Leuckart ? 

Science has rejected this idea for many and conclusive reasons, 
all of which I am not going to repeat here. In the first place, 
because our maturer knowledge of the physiology of the body 
shows that such a causal connexion between the peculiar characters 
of the child and, if I may say so, the corresponding psychical im- 

^ See Burdach, ‘Lehrbuch der Physiologie,’ Bd. II, 1835-40, p. 128. 

• “ See Handwdrterbuch der Physiologie von Rud. Wagner, Artikel ‘ Zeiigung,’ von 

Rud. Leuckart. 
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prossions of the mother, is a supposition which cannot he admitted ; 
but also and cliiefly l)ccanse a sin^^le coincidence of an idea of the 
mother with an abnormality in the child docs not form the proof 
of a causal connexion between the two phenomena. 

I do not doubt that amon^ the many thousands of present and 
past students in German Universities, whose faces are covered with 
scars, there may be one with a son who exhibits a birth-mark on 
the sj)ot whore the father i)OSsesHes a scar. All sorts of birth-marks 
occur, and why should they not sometimes have the aj)pcarance of ^ 
a scar? Such a case, if it occurred, would be acceptable to the 
adherents of 1,hc theory of the transmission of ae([uired characters ; 
it would in their ot)inion completely upset the views of their op- 
ponents. 

Ihd, how could such a case, if it were really established, be 
capable of jirovin^ the sup])osed form of hereditary transmission, 
any more than von 13 acr ’»5 case could prove the theory of the 
elficacy of ‘maternal impressions’? 

T am of opinion that the extraordinary rarity of such cases 
strongly enforces the fact that we have to do with an‘ accidental 
and not a. causal coincidence. If scars could be really transmitted, 
we should expect very frequently to find birth-marks which cor- 
res])ond to sizars upon the face of the father, — viz. in almost all 
cases in which the son had inherited the type of face possessed by 
the father. If this were so we should have to be seriously con- 
cerned about the beauty of the next «*enoration in Germany, as- so 
many of our underoTaduates follow the fashion of decorating their 
faces with as many of these ‘ honourable scars ’ as jjossiblc. 

I have sj)oken of ‘ maternal impressions’ because I wished to show 
that', until (piile n*cently, distinguished and acute scientific men 
have adhered to an idea, and believed that they j)0sscssed the proof 
of an idea, which has now been completely and for ever abandoned 
by science. But in addition to this, there is a very close con- 
nexion between the theory of the efficacy of maternal impressions 
and that of the t ransmission of acquired characters, and sometimes 
they arc even confounded too*ethcr. 

Last year a popular scientific journal quoted the following case 
as a proof of the transmission of mutilations. I do not, however, 
wish to imply that the editor must be held responsible for the 
errors of a correspondent. ‘ Tn November, 1 864, a pregnant merino 
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sheep bvohe its ric^ht fore-leg*, about two inches above the knee- 
joint ; the limb was put in splints and healed a long time before 
the following March, when the animal produced young, nie 
lamb possessed a ring of black wool from two to three inches in 
breadth round the place at which the mother’s leg had been broken, 
and upon the same leg.’ Now if we even admitted that a ring of 
black wool could be looked upon as a character which corresponds 
to the fracture of the mother’s leg, the case could not possibly be 
^ interpreted as the transmission of a mutilation, but as an instance 
of the eflieacy of maternal imiuvssions ; for the ewe was already 
pregnant when she fract<urod her leg. The })rosent state of bio- 
logical science teaches us that, with the fusion of egg and sperm- 
cell, potential heredity is determined^. Such fusion determines the 
future fate of t/he egg-cell and the individual with all its various 
tendencies. 

Such tales, when (piotod as ‘remarkable facts which prove the 
transmission of mutilations,’ thoroughly deserve the contem])t with 
which they hav^e been received by Kant and II is. When the 
above-mentioned instance was told me, I replied, ‘ It is a ])ity that 
the black wool was not arrangcnl in the form of th(‘ inscription “To 
the memory of the fract ured leg of my dear mother.” ’ 

The tales of tiie eflieacy of ‘maternal impressions’ and of the 
transmission of mutilat ions are closely conneeded, and brcjak down 
before the* present state of biological science. No on(j can b(^ pre- 
vented from believing such things, but tlu^y have no right to be 
looked upon as scientific facts or even as scientific cjuestions. ’Jhc 
first was abandoned in the middle of the pr(*sent century, and the 
second may be given up now ; when onc(‘ discarded we need not 
fear that it will ever again be resuscitated. 

It is hardly necessary to say that/ the c|uestion as to the trans- 
mission of accpiired characters is not completidy decided by the un- 
conditional rejection of the transmission of mutilations. Although 
I am of opinion that such transmission does not take place,, and that 
we can explain the phenomena presented liy the transformation of 
species without this supposition, I am liir from believing that the 
question is settled, simply because the transmission of mutilations 
may be dismissed into the domain of fable. But at all events we 
have gained this much, — that the only facts which appear to directly 
* See V. Hensen, ‘ Physiologic tier Zeugniig.’ Leipzig, i88i. 
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prove a transmission of acquired characters have been refuted, and 
that the only firm foundation on which this hjqpothesis has been 
hitlierto based has lieen destroyed. We shall not be obliged, in 
future, to trouble about every single so-called proof of the tn .s- 
mission of mutilations, and investigation may be concentrated upon 
the domain in which lies the true decision as to the Lamarckian 
principle, it may be concerned with the explanation of the ob- 
served phenomena of transformation. 

If, as T beli(‘ve, these phenomena can be explained without * 
the Lamarckian principle, wo have no right to assume a form of 
transmission of which we cannot prove the existence. Only if it 
could be shown that we cannot now or ever dispense with the 
principle, should wo be justified in accepting it. I do not think 
that I can rejiresent the siafce of the subject better than by again 
referring' to the melaphor of the ship. We see it moving along 
with all sails set, we can discern the ])resence of neither paddles 
nor screw, and as far as we can judge* there is no funnel, nor any 
other sign of an engine. In such a case we shall not be justified 
in concluding that an engine is present and has some share ^in the 
movement of the vessel, unless the movement is of such a kind that 
it is impossible to explain it as due to the unaided action of the 
wind, the current, and the rudder. Only if the * phenomena pre- 
sented by the progress of organic evolution are proved to be inex- 
plicable without the hypothesis of the transmission of acquired 
characters, shall we be justified in retaining such an hypothesis. 
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Gruber, on regeneration amongst In- 
fusoria, 185. 

Gryllotalpa, duration of life of, 39. 

Gryllus campestris, duration of life of, 
39 - 

Hackel, on reproduction, 72 ; on Peri- 
geuosis of tlie Plasiidulo, 165; on 
amphigonic retired luttioii, 272. 

Hare, length of life of, 14. 

Hartlaub, on origin of germ-cells in 
Obelia, 208. 

Hawk-moths, length of life of imago, 17. 

Helicidae, lengtli of life of, 35, 36, 37. 

Heliotropisra, 399. 

Homiptera, length of life of, 41. 

Hens, length of life of, 36. 

Henson, 011 sexual reproduction, 282, 
286 ; on difl'erenco between germ- 
plasin and liistogenetic nucleoplasm, 
343 ; on heredity, 369. 

Heredity, 29, 7r, 378; defined, 72 ; de- 
pendent on eoiitimiity of germ-plasm, 
104, 168; dependent on coalescence 
of nuclei, 178. 

Hertwig, O,, on fusion of nuclei, 174; 
on the iidlueiice of gravity in segmenta- 
tion, 177, J89; on polar bodies, 340, 
331 ; on process of fertilization, 333. 

Hesperornis, rudimentary wing of, 88. 

Heterogeny, 323. 

Heterogynis, 44. 

Heteroplastides, 130, 131, 134, 139, 
146, 153, 204. 

Hildobrandt, on duration of life in 
plants, 32, 65 ; on cross-fertilization, 

.309* 

His, on heredity, 166, 390, 412 ; on the 
transmission of mutilations, 423. 

Hook, on polar boilies in PaJanus, 218. 

Hoffman, on transmission of ac([uircd 
characters, 407. 

Homoplastides, 122, 139, 146, 202. 

Horse, length of life of, 6, 7 ; in the 
Falkland Islands, 99. 

Humboldt’s Atur Parrot, 12. 

Hunter, John, experiments in Ana- 
biosis, 25. 

Hyalineao, length of life of, 36. 

Hybrids, 330. 

Hy droids, origin of germ-cells of, 199, 
2 c6, 207, 211. 

Hyla, 301, 394. 

Hymonoptera, length of life of, 49. 

Hypermetropia, 89. 

Ichneumons, length of larval life of, 
15 ; length of lile of imago of, 49. 

Ichthyophthirius raultifiliis,, fission of, 
148, 149. 

Idioplasm, 174, 184, T92, 341 ; not 
identical with nucleoplasm, 180; rela- 
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tion to chromatin, 217 ; two kinds of, 
245 ; various combinations of, 276. 

Imago, Irnj^th of life of, 16. 

Immortality, injurious to species, 24 ; 
of unicellular organisms, 25, 27, 33. 

Infusoria, immortality of, 25, 72 ; re- 
generation of lost parts in, 27, 1S5 ; 
fission of, r>4 ; encystment of, 1 1 7. 

Insects, duration of life anumgst, 15; 
duration of larval life of, 15; n<»rmal 
d( atli of, 22 ; duration of imaginal life 
of, 38 ; segmentation of egg of, 73 ; 
deposition (jf eggs, 93 ; origin of germ- 
cells of, 202 ; ])olar b(»die8 of, 218. 

Instinct, 83; origin of, 91, 389; used 
]>ut once ill a lifetime, 93. 

Isotropism, oftlieovum, 17b. 

Ivy, climbing shoots (»f, 393, 399. 

Jager, on heredity, 172, 206, 

Jordan, on varieties, 2(nj. 

Julin, on s[»erniatogenesis in Ascaris, 
;i 75 - 

Kallima, iniinieiy of, 280, 306. 

Kant, on the transmission of mutilations, 

Karyokinesis, 359, 375. 

Koim, AVfderm. 

Kirchnor, on development of Volvox, 
204. 

KOlliker, on natuic of s|.erniato7,oa, 
175; on embryonic cells, 196. 

Lagynus, fission of, 148. 

Lamarck, on use and disuse, 83, 84, 

, 1 o 3 » . 1 ^ 7 - .191- 421. 

Lamollibranchiata, length of life of, 
55 - 

Larvae, length of life of, 1 5. 

Lasius flavus, length of life of, 30; L. 
niger, 51. 

Lepidoptera, leiigtli of life of iniagos of, 
43, 136; parthenogenesis among, 226, 
332 : spermatogenesis in, 373 

Lepisma saccharina, leiigtli of life of, 
40. 

Leuckart, on relation of absorbing sur- 
face to size of iiiiiinal, 7 I un dovelop- 
ment of Bees, 233 ; 011 tlie iiitlueuee of 
maternal impressions the otfspring, 
445 - 

Limiiadia Hermanni, 132. 

Limnaeiis, length of life of, 36. 

Lion, length of life of, 13. 

Lister, on ohromatophores of blind 
Frogs, 301. 

Locusta, length of life of imago of. 39. 

Loize, tui activity in connection with 
longevity, 7. 

Luoanus cervus, length of life of imago 
of, 47. 


Lycaena violacea, length of life of imago 
of, 44. 

Lynceinae, spermatazoa of, 176. 

Macroglossa stellatarum, length of life 
of female of, 43. 

Magosphaera planula, 73, 120, 122, 
lib, 147, 132; figure of, 123. 

Magpies, lengtli of life of, 36. 

Mammals, duration of life of, 38. 

Manx cats, 427, 430. 

Maternal impressions, supposed in- 
fluence on ofls])ring, ^44. , 

May-flies, length of larval life of, 15; 
length of life of imago of, 16; habitat 
of larvae of, 1 7 ; shortening of life of, 

19 ; <lcath of, 1 20. 

Meldola, 395. 

Melolonlha vulgaris, see Cockchafer. 

Mesozoa, j 28. 

Metazoa, 27, 28, iii, 145; old age of, 
157 - 

Metschnikoff, on pole-cells, 197. 

Micellae, T90, 194. 

Mimetic forms, 264, 280. 

Mimosa, ‘ after efl'ects ’ in, 404. 

Minot, on cyclical development, 199; 
on' polar bodies, 214, 225, 340, 343, 

35.4. ‘ 

Moina, winter eggs of, 118, 240; seg- 
mentation of, 1 99 ; polar bodies of, 

21S. 

Molluscs, lengtli of life of, 35 ; deter- 
mined by markings on shell, 14; 
enemies of, 38. «. ^ 

Monoplastides, 1 13, 122, 123, 146, 139 ; 
dclinition of, 120; reproduction of, 
149. 

Mouse, length of life of, 6 ; gestation of, 

?.• 

Muller, F.,on heredity of acquired cha- 
racters, 320, 322. 

Muller, H., on colours of flowers, 259 ; 
(Ui nectaries, 307, 

Multicellular organisms, division of 
labour in, 27. 

Musca domestica, length of life of, 43. 

Musca voinitoria, polar bodies of, 333. 

Myopia, 89. 

Nageli, 167, 171, 173; on idioplasm, 
174, 1S2, 190, 201, 340, 414; on in- 
herent tendency to vary, 236, 298 ; on 
Aljiiiie plants, 269 ; on adaptation, 
300; on medium of heredity, 318, 
35 , 4 * 

Najadae, length of life of, 36. 

Natica heros, length of life of, 56. 

Nautilus, persistence of, 300. 

Nematodes, polar bodies of, 188; nu- 
clear division of ovum of, 234, 368. 

Neuroptera, length of life of, 40. 
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Neuroterus, length of life of summer 
generation, 49 ; of winter generation, 
50. 

Nigella, production of double flowers of, 
408. 

Nightingale, length of life of, ii, 36. 

Nothnagel, on the cause of epilepsy, 

314- 

Nuclear plate, 187. 

Nuclei, behaviour during fission, iiS, 
i8(S; connection of heredity with 
fusion of, 17S; influence of, 184; in- 
fluence in regeneration, 185 ; nutrition 
of, 187. 

Nucleoplasm, 179, 185, 191, 227; his- 
togenetie, 213; ovogcuetic, 2J3, 230, 
243; sperniogenetic, 220, 243. 

Nussbaum, on lieredity, 172, 195, 206; 
on regeneration amongst Infusoria, 185, 
200. 

Obelia, origin of germ-cells of, 208. 

Obersteiner, on inlieritance of epilepsy 
in guinea pigs, 31 1, 313. 

Ophiostomum, karyokinesis in ovum of, 
368. 

Orgyia, 44. 

Orth, on the transmission of ac(p 1 ired 
characters^ 41 1. 

Orthon^tidos, 1 20, 1 26 ; figure of, 
127; degeneracy of, 130, 1 31, i^i, 
1 ^ 2 . 

Orthoptera, duration of life of, 39. 

Ostracodes, parthenogenesis of, 294, 
.325 ; poJa» bodies of, 350. 

Otostoma Carter!, fission of, 148. 

Palingenia, sub-imago stage of, 19, 40. 

Paludinidae, length of life of, 56. 

Pandorina, 202, 24S ; figure of, 203. 

Pangenesis, theory (»f, 77, 163, 166, 
J9.h .316, 327. 

Panmixia, principle of, 90, 140, 291, 
4.30. 

Papaver, })roduction of double flowers of, 
408. 

Paranucleus, 376 ; of the sperm-cell, 
221. 

Parrots, length of life of, 36. 

Parthenogenesis, the origin of, 225, 
290? 323, 339 ; not ancestral, 228; of 
bees, 235 ; partial, 238 ; explanation 
of, 243; male, 247; of Cynips, 273; 
not perpetual, 283, 285. 

Pasimachua, length of life of, 48. 

Pemphigus terebinthi, length of life of, 

Petromyzon, impregnation of, 1 75, 247; 
polar bodies of, 218. 

> Pfeffer,on chemical attraction of oosphere, 
^ 47 - 

Pfitzner, on nuclear division, 1S7. 


Pfliiger, on heredity, 70, 175, 355; on 
the inheritance of acquired characters, 
81 , 390, 422 ; on isotropism of the ovum, 
176. 

Phanerogams, fertilization of, 1 78, 247 ; 
develojnneiit of pollen grains of, 222. 

Pheasant, the length of life of the golden, 

.36. 

Philodina, polar bodies of, 350. 

Phryganca gr.andis, 41. 

Phylloxera vastatrix. length of life of, 
41 ; unequal length of life in two sexes 
of, 58 ; parthenogenesis of, 294. 

Pieris napi, length of life of, 44. 

Pig, length of life of, 6. 

Pigeon, length of life of, 36 ; cross- 
breeiling of. 332. 

Piko, length of life of, 6. 

Pisidium. length of life of, 56. 

Planorbia, length of life of, 56. 

Plants, duration of life of, 32, 65. 

Polar bodies. 1S8. 218. 245; the signi- 
licance of, 212. 225. 339; of Sponges, 
217 ; in parthcnogenetic eggs, 249, 
345, 383 ; of Kabbit, 339 ; number of, 
346 ; significance of second, 353, 3O2 ; 
in plants, 377. 

Pole-cells, ofDiptorn, 197. 

Polistes gallica, ‘ wo^]cers^>f, 53; length 
of life of males and females, 54. 

Pollen -grains, 222. 

Polyphemus, Hpermatozoa of. 176 ; sum- 
mer eggs of, 239 ; polar bodies of, 345. 

Polyplastides, delinition of, 120, 122, 
125, 159 ; develo])mont of, 152. 

Polyzoa, lepgth of life of, 57. 

Poulton, on colours of caterpillars, 
394 ; on cats with 8iq)ernumorary toes, 
;26. 

Proteus, 87. 

Protomyxa aurantiaca, 149. 

Protozoa, development amongst, 150; 
conjugation of, 287. 

Psorosperms, 150. 

Psychidae, length of life of, 16, 44, 45, 
157 ; deposition of eggs ot^ 18 ; death of 
female, O3, 132; parthenogenesis of, 

29.3- 

Pulex irritans, length of life of, 42. 

Pupa, length of life of, 55. 

Rabbit, i)olar bodies of, 339. 

Rauber, on heredity, 172. 

Ravens, length of life of, 36. 

Regeneration of lost parts, 65 ; in In- 
fusoria, 185. 

Rejuvenescence, 112, 116, 124, 132, 
I53 j 2S3. 

Reproduction, original form of, 122 ; 
etl’ect of monogoiiic, 273, 273 ; am])hi- 
gonic, 279, 281, 287. 

' Reproductive cells, 27, 28, iii. 
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Rhodites rosae, parthenogenesis of, 325. 

Richter, on inheritance of acquired 
characters, 438. 

Robin, on ])ole-cells of Diptora, 197. 

Rolph, on conjugation, 286. 

Romanos, on correlation, 389. 

Roth, on heredity, 1O6, 169. 

Rotifera, unequal length of life in two 
sexes of, 58 ; polar bodies of, 350. 

Roule, on origin of ova, 222. 

Roux, on the struggle of the parts in the 
organism, 87, 100 ; on development in 
altered conditions, 177; enforces con- 
trolling nuclear division, 23J, 361; on 
karyokinesis, 359. 

Rudimentary organs, 88 ; disappear- | 
ance of, 291 ; not found in partlicno- 
genetic forms, 293. 

Rumia Crataegata, 394. 

Sachs, on repntduction in Mosses, 212; 
on venation, 260, 310; on shuota of 
elimbiiig Ivy, 393, 399. 

Sagittn, segim:nlation of egg of, 74* 199* 

Saperda carcharias, length of life of 
ijuago of, 47. 

Sarcophaga carnaria, longtli of life of, 
. 12 . 

Batumi a pyri, length of life of, 45 ; S. 
carpini, coeoon of, 94. 

Saturnidae, liabits of, 44. 

Saw -11 ies, aiictistors of I tees and wasps, 
19; length of life of imago of, 49, 39. 

Schiiiidt, on malformations of the ear, 
440. 

Schnoidor, on instincts of penn^ption, 
92, 94. 

Schultze, on polar bodies of Amphibia, 
.140. 332. 

Scytoaiphon, male parthenogenesis in, 
247. 

Soa-gulls’ eggs, 38. 

Senility, 20, 21, 32, 137. 

Sexes, iiiu’(iual length of life in the two, 

Sheep, lengtli of life of, 14. 

Sida, spermatozoa of, 176 ; absorption of 
ova in, 239. 

Siebold, von, on development of Ilecs, 
^ 35 * 

Siphonophora, origin of germ-cells of, 
202. 

Sirenia, 261. 

Sirex, length of larval life of, 13. 

Smerinthus tiliae, Imgth of life of 
imago of, 43 ; ocellatus, 393. 

Solenobia triquetrella. length of life 
of female of, 45 ; death of partheuo- 
genetic forms of, 64, 293. 

Solidago, time of dowering changed. 
415- 

Soma, 122. 123. 130, 140. 144, 134, 153. 


Somatic cells, 27, 28, 75, iii, 143, 158.' 

Somatogenic characters, 412. 

Somatoplasm, 104, 180. 

Spathegaster, 49. 

Spencer, Herbert, on relation of absorb- 
ing surface to size of animal, 7 ; on in- 
fluence of diminished nutrition, 241 ; 
on correlation, 389. 

Spirogyra, on cell-division in, 216. 

Sponges, polar bodies of, 217. 

Spontaneous generation, 34. 

Sprengel, on colours in dowers, 308. 

Squirrel, longtli of life of, 14. 

Stahl, on protective structures in plants, 
260. 

Strasburger, on fertilization of Phanero- 
gams, 178, 340,335; on cyto-idioplasm, 
i8i ; on influence of nuclei,’ 184 ; on 
identity of daughter nuclei, 1S7 ; on 
nuclei of scxual-cclls, 200, 215, 246; 
on transmission of germ-plasm, 209 ; 
on cell-division in Spirogyra, 216; on 
development (►f pollen-grains, 222 ; on 
parthenogenesis, 237 ; on direction of 
growth of pollen-tube, 247 ; on here- 
dity, 334, 369, 369; on polar bodies in 
plants, 377. 

Strepsiptera, length of life of, 41 ; iin- 
ecpial length of life in t^^vo sexes, 58, 
59- 

Succineae, length of life of, 55. 

Swans, length of life of, 37. . 

Tagetes, producti(m of double dowers of, 
408. • 

Talents, transmission of, 9*5 f nature of, 

«/.. 

Tape-worms, 133, 155. 

Termites, duration of life of, 18, 40. 

Terns’ eggs, 38. 

Thuja, durso- ventral structure of shoots 
39 ^ 39^- 

Tillina magna, iiS, 148. 

Toad, length of life of, 6. 

Transmission of acquired characters, 
73, 80, 169, 267, 407, 411; want of 
evidence of the, 81 ; unnecessary for 
the theoiy of evolution, 83 ; unproved, 
105, 142; amongst Protozoa, 278; 
supposed botanical proofs of, 387. 

Trematodes, parasitic in Mollusca, 57* 
I3i» 133- 

Trichodinidae, conjugation of, 287. 

Trichoplax adhaerens, 141. 

Tridacna gigas, length of life of, 56. 

Trinchese, on polar bodies, 189, 224. 

Tropaeolum, two kinds of leaves of, 396. 

Turkey, the lengtli of life of, 36. 

Twins, 380. 

Unicellular organisms, immortality of, 
! 2 /- 

' Unio, length of life of, 36, 57. 
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Valaoritis, on origin of germ-cells, 
195 ; on physiological value of, 246. 

Vanessa cardui, length of life of, 43 ; V. 
prorsa, 44 ; V. urticae, 44 ; V. lev ana, 
deposition of eggs of, 94. 

Variations, always present, loi. 

Ventral canal cell, 223. 

Vertebrata, late origin of reproductive 
cells in, 74. 

Vespa, 53. 

Viola calcarata, fertilization of, 310; 
tricolor, 414. 

’Pitrinae, length of life of, 55. 

Volvocineae, 202, 24S. 

Volvox, 204, 248. 

Vorticellidae, conjugation of buds of, 
287. « 

Vultures, length of life of, if, 37. 


Wallace, on constancy of number of 
iiidividuah in successive generations, 
1 2 ; on production of death by natural 
selection, 23. 

Wasps, duration of life of male and 
feiimle, iS, 53; loss of embryonic limbs 
in development of larva of, 89. 

Westphal, on epilepsy in guinea-pigs, 

Whales, length of life of, 6 ; adaptatiou 
in, 261. 

White mice, experiments in the trans- 
misaion of mutilations on, 431 . 

Will, on origin of ova, 222. 

Wolif, on theory of epigenesis, 316. 

Zacharias, on the inheritance of mutila- 
tions, 426. 



THE END. 






575.1AVEI 









